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FOREWORD 


SYNTHESES OF C-GLYCOSYL COMPOUNDS 


The biological importance of C-nucleosides was primarily responsible for the 
search for synthetic methods which allowed carbon-carbon bond formation at the 
anomeric position of carbohydrates. This is clearly reflected by a review written in 
1976 by S. Hanessian and A. G. Pernet in Advances in Carbohydrate Chemistry 
and Biochemistry. 

In the last decade, and especially in the past few years, the direct formation 
of C-—C bonds at the anomeric center of carbohydrates has attracted considerable 
attention. One basic reason for such efforts is the presence of 2,5-dialkylated 
oxolane (C-glycofuranosyl compounds) and 2,6-dialkylated oxane units (C-glyco- 
pyranosyl compounds) in a wide variety of complex natural products; the marine 
natural compound palytoxin is a spectacular example. Furthermore, synthetic C- 
glycosyl compounds represent interesting starting chiral synthons, suitable for the 
synthesis of complex molecules, as they contain a larger number of chiral centers 
and functional groups. Monosaccharides have frequently been used as natural 
sources of stereocenters for the total synthesis of optically-active, “chirally rich”, 
natural compounds. In most cases, appropriate manipulation of various cyclic 
pentoses and hexoses ultimately resulted in short segments that are the starting 
material for “off-template” chemistry. All things considered, the anomeric center 
of a monosaccharide is thus an off-template site which is only used to lock the 
molecule in the most desirable heterocyclic form, thus allowing the principles of 
conformational parameters to operate for the control of the endocyclic chiral trans- 
formations. 

One attractive way of synthesizing a higher-carbon sugar possessing multiple 
chiral centers is indeed to take advantage of the anomeric stereoselection—a 
general phenomenon which is valid for C-C bond formation. Reactions of carbon 
nucleophiles at the electrophilic anomeric center of carbohydrates are by far the 
most exploited routes to C-glycosyl syntheses. They involve mainly the attack of 
various C-nucleophiles at the anomeric center of glycosyl halides, O-glycosylimi- 
dates, lactones, glycosides, thioglycosides, or glycals. Several selected examples of 
this traditional approach will be found in this issue. They include both Friedel-— 
Crafts-type reactions or Michael additions. The stereoselective formation of C- 
glycosyl compounds via addition of an anomeric radical to alkenes has proved to be 
a versatile and mild procedure. It is an interesting case of manipulation of carbo- 
hydrate radicals, a field that is currently attracting wide interest and will probably 





grow rapidly as radical chemistry is particularly suitable for polyfunctional, complex 
molecules. 

A new, flexible concept is based on the “Umpolung” of the chemical reactivity 
at the anomeric center. Thus, efficient and stereocontrolled introductions of carbon 
appendages have been described recently; they use either stabilized anomeric 
carbanions derived from anomeric phosphonium salts, nitro and phenylsulfonyl 
derivatives, pentacarbonylglycosylmanganese complexes, or 2-deoxy-D-gluco- 
pyranosyllithium reagents. One of the reasons for the rapid development of this 
field of research is the current interest of leading synthetic organic chemists in C- 
glycosyl compounds. Such a trend should undoubtedly be beneficial to the 
specialized field of carbohydrate chemistry. 

A recent consequence of this flourishing carbohydrate chemistry area is the 
availability of C-disaccharides, which are disaccharides in which a methylene group 
takes the place of the interunit oxygen atom. C-Linked oligosaccharides are now 
highly in demand for studies of sugar metabolism and as enzyme inhibitors. These 
compounds also provide a unique opportunity to estimate the contribution of the 
exo-anomeric effect on the conformational preference of an oligosaccharide. It is 
hoped that this special issue dedicated to a rapidly growing field is timely and will 
stimulate further developments. 


PIERRE SINAY 
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ABSTRACT 


Cyclization of 2,3,5-tri-O-benzyl-1,2-dideoxy-D-arabino-hex-1-enitol (2) with 
mercuric acetate, mercuric trifluoroacetate, iodine, and N-bromosuccinimide gave 
preponderantly the allo isomer of the C-arabinofuranosyl structure. 1-Amino-2,5- 
anhydro-3,4,6-tri-O-benzyl-1-deoxy-D-glucitol, which is a key intermediate in the 
synthesis of 3-(8-D-arabinofuranosyl)pyrazole[4,3-d]pyrimidine-5,7-dione (B-D- 
arabino epimer of oxoformycin B), was stereoselectively prepared in 48% overall 
yield from 2 in three steps. The stereochemical outcome of the cyclizations is also 
discussed. 


INTRODUCTION 


In 1974, Acton et al.' synthesized the a- and B-D-arabino (6) epimers of the 
naturally occurring C-nucleoside oxoformycin B. We wish to report a stereo- 
selective synthesis of Acton’s key intermediate, 1-amino-2,5-anhydro-3 ,4,6-tri-O- 
benzyl-1-deoxy-D-glucitol (5), in three steps (from 2) with excellent control of the 
anomeric center to give preponderantly the B-D-arabino epimer. During this study, 
it was observed that electrophile-mediated cyclizations of 2,3,5-tri-O-benzyl-1 ,2-di- 
deoxy-D-arabino-hex-1-enitol* (2) were highly stereoselective, with a strong 
preference for formation of C-arabinofuranosyl derivatives which have the cis 
arrangements of substituents at C-2 and C-3. 


RESULTS AND DISCUSSION 


The synthesis of 5 was accomplished by reaction of methylidenetriphenyl- 
phosporane (2.0 equiv. from the phosphonium bromide and butyllithium)*? with 
2,3,5-tri-O-benzyl-D-arabinose‘ (1) in oxolane to give hydroxyolefin 2 in 94% yield. 
Cyclization with iodine*~° gave a mixture of allo and altro in 79% yield, which was 


*To whom correspondence should be addressed. 
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TABLE I 


Electrophile 


Br, 

Hg(OAc), 
Hg(OCOCF,), 
PheSeCl 
PheSeCl 


3-Chloro- 
peroxybenzoic acid 


Ref 


14 



















ELECTROPHILE-MEDIATED CYCLIZATIONS OF 2.3.5-TRI-O-BENZYL-1.2-DIDEOXY-D 


Reaction 
conditions 


10 eq. sat’d NaHCO,, 

5 eq. 1,-oxolane; 24°, 4h 
N-Bromosuccinimide (1.5 eq.)}-HCONMe,; 
24°, 2h 

(a) Hg(OAc), (1.5 eq.)-oxolane; 24°, 3h 
(b) sat’d KCI 

(a) Hg(OCOCF,), (1.5 eq.)—oxolane; 24°, 3 h 
(b) sat’d KCl 

PheSeCl (1.5 eq.)—oxolane; —78—24°, 8h 
PheSeCl (1.5 eq. )}—oxolane—K,CO, (2.0 eq.) 
3-Chloroperoxybenzoic acid 

(1.2 eq.)-(CH,)CI1,;16, 18 h, reflux 


213C-Chemical shifts are referenced to the signal of CDCI, at 6 77.27. All °C-s 
numbers in parentheses are those reported by Reitz et al.*. "The allo-to-altre 
min)!! of crude cyclization products and analysis of the crude methyl compoun 
methyl doublets gave the allo-to-altro ratios. “The allo-to-altro ratio was dete! 
min)] of the crude organomercurial and 'H-n.m.r. (250 MHz) analysis of a solu 
recovery of starting material resulted. “The allo-to-altro ratio was determined t 














‘Y-D-arabino-HEX-1-ENITOL (2) 


Yield (%) allo (B)-to- 1C-N.m.r. (8)? 
altro (qa) ratio 
Crude Pure allo altro 
85 79 82:18° 0.68 7.14 
85 75 84: 16°(89:11) 28.26(28.20) 32.37(32.30) 
100 87 89: 11°4(87:13) 28.33 35.45 
3h 83 63 89:11°4 28.33 35.45 
l L100 46 40: 60° 25.47 29.98 
}.) 100 48 85: 15° 25.47 29.98 
33 50: 50°(55:45) 61.71 62.73 


‘C-spectra were taken for solutions in CDCl,. J, , in compound 3 = 3.6 Hz. The 
altro ratio was determined by reduction (azoisobutyronitrile-Bu,SnH—C,H,; 45 
sound by 'H-n.m.r. (250 MHz) in C,D,. Integration of the two sets of anomeric 
letermined by reduction [NaBH, (excess)-BnEt,NCI(10 eq.)-10% NaOH; 0°, 2 
solution in C,D,. “HgBr, or HgCl,'! did not effect cyclization. Only quantitative 
ed by 'H-n.m.r. (250 MHz) integration of the two OH triplets. 
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CYCLIZATION OF 2,3,.5-TRI-O-BENZYL-1 .2-DIDEOXY-D-arabino-HEX-1-ENITOI 


highly enriched in the allo anomer (Table I). Flash column chromatography gave 
the anomerically pure allo isomer (3). Reaction of 3 with 1,1,3,3 tetramethyl- 
guanidinium azide in N, N-dimethylmethanamide at 80° for 1 h (71%), followed by 
lithium aluminum hydride reduction at 0° in diethyl ether, gave the desired amine’ 
5 (90%). This short, stereocontrolled synthesis of 5 took advantage of a highly 
stereoselective, electrophile-mediated cyclization to control the stereochemistry at 
the anomeric center. 

The stereoselectivity shown by the cyclization of 2 with iodine prompted us 
to study this reaction further with a series of electrophiles. Though the method to 
quantify allo-to-altro ratios in the cyclized products differs from that used by Reitz 
et al.*, these results are in excellent agreement with their report’~'* (Table I). The 
steric structure of the cyclization products was determined by the relative positions 
and intensities in the '°C-n.m.r. of the C-1 signals®. The 1:1 mixture of 14 and 15 
was converted into the iodo compounds by the procedure of Ho and Davies!» (tri- 
phenylphosphine, diethyl azodicarboxylate, zinc iodide, 30%). Two '°C resonances 
were observed for the iodomethyl carbon atoms at 6 7.14 and 0.68. The °C-n.m.r. 
spectrum of the crude reaction mixture from the cyclization of 2 with iodine showed 
a major resonance for the iodomethyl carbon atom at 6 0.68 and another smaller 
resonance (ca. one-fifth the height) at 6 7.14. Ohrui et al.'© have shown that for 
furanoses the '*C-chemical shift of a carbon atom bonded to the anomeric center in 
the 2,3-cis isomer [allo (B) isomer in this case] is 34 p.p.m. upfield of that for the 
corresponding 2,3-trans isomer [altro (a) isomer in this case]. 

In addition, upon decoupling of H-1A,B in 3, the H-2 signal collapsed to a 
doublet with a J, , value of 3.6 Hz. Similarly, decoupling of the anomeric methyl 
group of its reduction product gave a J,, value of 3.7 Hz. These values are 
indicative of a cis relationship between H-2 and H-3. This, in conjunction with the 
relative positions of the iodomethyl carbon atom signals in the °C-n.m.r. spectrum 
allowed the assignment of the allo (B) structure to the major product of the cycliza- 
tion with iodine. The configurations of the other cyclization products were assigned 
accordingly. With the exception of the selenium-mediated cyclization, this observed 
stereoselectivity was in accord with the selectivity reported by other 
investigators®10,13,17—19, 

Unlike the cyclization of 6-O-benzyl-1,2-dideoxy-3,4-O-isopropylidene-D- 
ribo-hex-1-enitol’>, the stereochemical outcome of the cyclization in alkene 2 is 
dependent upon the electrophile. Iodine, bromine, mercury(II) acetate and 
mercury(II) trifloroacetate, all showed a stereoselective preference for C- 
arabinofuranosyl derivatives that have a cis arrangement of H-2 and H-3 (allo 
isomer). 3-Chloroperbenzoic acid showed no selectivity and with phenylselenyl 
chloride the altro isomer was slightly preferred. Although the reversal of 
stereochemistry shown by the selenium-induced cyclization is not clear, it may be 
due to an acid-catalyzed equilibration of the epimers, since the allo isomer is the 
major product in the presence of base*. Lancelin et al.*! have reported a selenium- 
induced cyclization in which the stereochemical result is consistent with these 
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= CH.8r,R = H 

: H.R = CH,Br 

= CHHgCi,R = H 
H,R’ = CHoHgC 

= CH, SePnh Rs Ww 

= H,R = CH2SePn 


= CH.OW .R = WH 


H-2 and H-3 ore ina cis reiationship 


+ 
E 


H-2 /i a 


" Nowy 
| re) 
lL s. 


20 


H-2 and H-3 are ina transreliationship 


observations. For this kinetically controlled reaction®, it appears as though the 
allylic ether oxygen atom is again controlling the stereochemical outcome of the 
cyclization’. There seems to be a preference to cyclize through a “transition state” 
in which the OR residue (Scheme 1) is in the plane of the prochiral olefin. In this 
conformation, the internal nucleophile is positioned to trap from above, as depicted 
in Scheme 1. Electrophile approach from the least hindered side (below, 18), 
followed by trapping by the internal nucleophile leads to H-2 and H-3 in a cis 
relationship to one another (i.e., the B-arabino epimer). Cyclization through con- 
formation 20, in which the hydrogen atom eclipses the prochiral olefin, leads to the 
a-arabino product (altro isomer). 


*The modest yield of products (46%) suggests possible competing-side reactions. For example, there 
may be decomposition of the products at differing rates under the experimental conditions which would 
effect the final allo to altro ratio. The stereochemical outcome of the selenium mediated cyclization of 
2 is dependent on the reaction conditions. Use of camphorsulfonic acid and N- 
(phenylseleno)phthalimide in refluxing benzene gave a 2:1 allo-to-altro ratio”. 
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In the absence of any steric bias, the preference for reactions of this type to 
cyclize via a “reactive conformer” resembling 18 may be very general. For example, 
the stereoselectivity observed in iodolactonizations of allylic alcohols’ and 
iodoetherifications*** to form functionalized oxolanes can be rationalized 
accordingly. This “working model” is useful for predicting a priori the stereo- 
chemical outcome for these cyclizations in which there is a preference for a cis 
relationship between the substituents at C-2 and C-3 in the newly formed oxolane 
ring. 


EXPERIMENTAL 


General methods. — Melting points were determined in open capillary tubes 
with a Thomas—Hoover apparatus and are uncorrected. Optical rotations were 
measured with a Perkin-Elmer 241 polarimeter in an unthermostatted 10-cm glass 
cell at the sodium D line. I.r. spectra were obtained with a Perkin-Elmer 283 
spectrophotometer for dilute solutions in CCl,, neat films, or KBr disks. Medium- 
resolution mass spectra were obtained with a Finnigan 9610 g.1.c.—c.i. mass spectro- 
meter with a Nova 3 data system operating at an ionization potential of 70 or 100 
eV. Chemical-ionization mass spectra were obtained by use of 2-methylpropane as 
the reactant gas. Peaks greater than ~10% relative intensity are generally reported. 
'H-N.m.r. spectra were recorded at 250 MHz (Bruker WM-250) with the solvent(s) 
noted. Chemical shifts (6) are reported downfield from the internal Me,Si signal 
(~0.5% for Fourier transform) at 6 0.00 (Abgq, ab quartet; br, broad; d, doublet; 
m, multiplet; q, quartet; s, singlet; and t, triplet). Apparent coupling-constants (J) 
are reported in hertz (Hz). Because of the data digitization with the F.t. instrument, 
J values are +0.40 Hz maximum, but normally are accurate to +0.20 Hz. '°C- 
N.m.r. data were obtained with a Bruker WM-250 spectrometer. Silica gel 60 (230— 
400 mesh) was used for flash column chromatography. T.l.c. was performed on 
Merck Silica gel 60 F-254 (0.25 mm, precoated on glass). Solvents used for extrac- 
tion and chromatography were nanograde quality or distilled. Oxolane and ether 
were distilled from sodium benzophenone anion prior to use. Dichloromethane 
was distilled from CaH, prior to use. N,N-Dimethylmethanamide was predried 
over BaO, and then distilled under diminished pressure from CaH, in the dark and 
stored over 4A sieves. Other reagents were used as supplied or purified as noted. 
Butyllithium in hexane (Alfa) was titrated at 24° in oxolane with (2,5-di- 
methoxyphenyl)methanol. All reactions were carried out in oven- or flame-dried 
glassware under Ar with magnetic stirring, unless noted otherwise. Solutions and 
liquids were delivered by syringe or cannula through rubber septa or by pressure- 
equalizing dropping funnels where appropriate. Elemental analyses were per- 
formed by Robertson Laboratory, Florham Park, NJ. 

2,3,5-Tri-O-benzyl-1,2-dideoxy-D-arabino-hex-]-enitol (2). — To a stirred 
solution of methyltriphenylphosphonium bromide (2.80 g, 7.92 mmol; Aldrich, pre- 
dried at 140°, 18 h) in dry oxolane (25 mL) at 25° under Ar was added dropwise 





6 F. FREEMAN, K. D. ROBARGE 


2.4m butyllithium in hexane (2.97 mL, 7.13 mmol) over 8 min. A color change from 
yellow to red occurred. The mixture was stirred for 15 min at 24° and a solution of 
2,3,5-tri-O-benzyl-p-arabinose* (1) (1.5 g, 3.57 mmol) in oxolane (10 mL) was 
added over 3 min. Solids began to form in the cream-colored suspension. The 
mixture was stirred for 18 h at 24° under Ar and the reaction quenched by the 
addition of wet ether (100 mL). The mixture was extracted several times with ether, 
and the combined organic layers were washed with saturated aqueous NaCl (35 
mL), and dried (K,CO,). Removal of solvent under reduced pressure and flash- 
column chromatography of the residue on silica (60 g) with 3:1:1 petroleum ether- 
(35-60°)-ether—-dichloromethane afforded 2 (1.40 g, 94%), [a]f®° +4.6° (c 1.15, 
chloroform), R, 0.30 (3:1:1 petroleum ether—ether—dichloromethane); vil™ 3540- 
3460 (br, OH), 3100, 3080, 3040 (alkene, arom.), 2920, 2880 (CH,,CH), 1500, 1460 
(arom. ring), 1400, 1350, 1225, 1080, 930 (vinyl), 740, and 700 cm~!; 'H-n.m.r. 
(CDCI,): 6 7.35-7.24 (m, 15 H, Ph), 5.97 (ddd, 1 H, J; orang) 16-5, Jy a¢cisy 11-3, Jo.3 
7.5 Hz, H-2, X part of ABX), 5.33 (m, 2 H, H,-1), 4.60 (ABgq, 2 H, Ava, 18.4, Jap 
11.5 Hz, OCH,Ph), 4.52 (s, 2 H, OCH,Ph), 4.51 (ABq, 2 H, Avag 69.5, Ja, 12.0 
Hz, OCH,Ph), 4.09 (dd, 1 H, J, 7.5, J; 4 4.0 Hz, H-3), 4.03 (m, 1 H, H-5), 3.64 
(dd, 1 H, J; , 4.0, J, ; 7.0 Hz, H-4), 3.61 (d, 2 H, J; 4.0 Hz, H,-6), and 2.84 (d, 1 
H, J; oy 5.0 Hz, OH); °C-n.m.r. (CDCI,): 65 138.47, 138.38, 138.17 (s, C quat., 
OCH,Ph), 135.40 (d, C-2), 128.61—127.91 (m, OCH,C,H,), 119.31 (t, C-1), 80.89 (d, 
C-3), 80.48 (d, C-4), 74.35 (t, OCH,Ph), 73.62 (t, C-6), 71.22 (t, OCH,Ph), 70.95 
(d, C-5), and 70.65 (t, OCH,Ph); m.s. (c.i.): m/z 419 (MH*), 219, 181, 129, 107, 
and 91. 

Anal. Calc. for C,7H3)0,: C, 77.48; H, 7.22. Found: C, 77.42; H, 7.37. 

2,5-Anhydro-3,4,6-tri-O-benzyl-1-deoxy-l-iodo-D-allitol (3). — Alkene 2 
(3.34 g, 7.99 mmol) was cyclized with iodine as described previously*°. Work-up as 
usual’, followed by flash-column chromatography on silica (175 g) in 9:1:1 
petroleum ether (35-60°)-ether—dichloromethane yielded the anomerically pure 
iodo compound 3 (3.43 g, 79%), [a]i*® +41.1° (c 1.78, chloroform), R, 0.30 (9:1:1 
petroleum ether—ether—dichloromethane); vi!™ 3080, 3060, 3020 (alkene, arom.), 
2910, 2860, (CH,, CH), 1500, 1450 (arom. ring), 1370, 1210, 1100, 740, and 697 
cm~! (monosubst. arom.); 'H-n.m.r. (CDCI,): 6 7.39-7.24 (m, 15 H, Ph), 4.62-4.43 
(m, 6 H, 3 OCH,Ph, no ABq’s could be determined), 4.35 (ddd, 1 H, J, ; 3.6, J; » 
6.0, J; , 5.5 Hz, H-2, collapsed to d upon irradiating H-1A,B and a dd upon 
irradiating H-3), 4.24 (dt, 1 H, J, ; 2.0, J; , 6.0 Hz, H-5), 4.05 (br. d, 1 H, J, ; 3.6 
Hz, H-3), 3.96 (br. d, 1 H, J, ; 2.0 Hz, H-4), 3.60 (dd, 1 H, J¢4 , 10, J; 6.0 Hz, 
H-6A or 6B), 3.49 (dd, 1 H, J¢a , 10, J, 5 7.0 Hz, H-6A or 6B), and 3.34 (m, 2 H, 
H,-1); °C-n.m.r. (CDCI,): 6 138.28, 137.85, 137.72 (s, C quat., OCH,Ph), 128.64— 
127.79 (m, OCH,C,H;), 83.97 (d, C-2), 83.33 (d, C-5), 82.74 (d, C-3), 82.18 (d, 
C-4), 73.48, 72.27, 71.62 (t, OCH,Ph), 70.65 (t, C-6), and 0.68 (t, C-1); m.s. (c.i.): 
m/z 545 (MH*), 453, 181, 107, and 91. 

Anal. Calc. for C,,H,,10,: C, 59.57; H, 5.37; I, 23.31. Found: C, 59.40; H, 
5.48; I, 23.04. 
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Compound 3 could also be prepared by the addition of solid iodine (until the 
red color persisted) to an oxolane solution of the corresponding organomercurial 
compound’. Work-up as usual, followed by flash chromatography, gave a product 
identical in all respects with the one obtained by cyclization with iodine. 

2,5-Anhydro-1-azido-3,4,6-tri-O-benzyl-1-deoxy-D-allitol (4). — Compound 3 
(284.3 mg, 0.52 mmol) was dissolved in N,N-dimethylmethanamide (5 mL) and 
solid 1,1,3,3-tetramethylguanidinium azide (Alfa) (165.0 mg, 1.04 mmol) was 
added quickly. The mixture was heated to 80° and stirred at 80° for 20 min. The 
color changed from clear to golden upon heating. The starting material was com- 
pletely consumed at this time as determined by t.|.c. (3: 1:1 petroleum ether—ether- 
dichloromethane). The mixture was heated an additional 20 min, cooled, and 
evaporated under vacuum (50°, 4 kPa) to leave a crude yellow oil. Flash chromato- 
graphy on silica (10 g) in 9:1:1 petroleum ether—ether—dichloromethane gave pure 
azide (4) (170.4 mg, 71%), [a]f° +7.7° (c 0.78, chloroform), R, 0.30 (9:1:1 
petroleum ether—ether—dichloromethane); v!™ 3100, 3075, 3040 (alkene arom.), 
2930, 2870 (CH,, CH), 2100 (N;), 1500, 1455 (arom. ring), 1370, 1160-1050 (br. 
OR), 740 and 695 cm~! (monosubst. arom.); 'H-n.m.r. (CDCI,): 6 7.40—7.22 (m, 
15 H, Ph), 4.7-4.39 (m, 6 H, 3 OCH,Ph, no ABq’s could be deermined), 4.23-4.15 
(m, 2 H, H-2,5), 4.0 (m, 2 H, H-3,4), and 3.70—-3.40 (m, 4H, H-1, H-6); °C-n.m.r. 
(CDCI,): 6 138.37, 137.91, 137.68 (s, C quat., OCH,Ph), 128.70—-127.85 (m, 
OCH,C;H;), 83.35 (d), 83.14 (d), 82.94 (d), 79.74 (d), 73.56 (t), 71.81 (t), 70.53 
(t), and 50.27 (t, C-1); m.s. (c.i.): m/z 460 (MH*), 432 (MH* —28), 205, 181, 120, 
107, and 91. 

Anal. Calc. for C,,H,).N,0,: C, 70.57; H, 6.36; N, 9.14. Found: C, 70.44; H, 
6.43; N, 9.01. 

1-Amino-2,5-anhydro-3, 4,6-tri-O-benzyl-1-deoxy-D-allitol’ (5). — Com- 
pound 4 (86.4 mg, 0.190 mmol) was dissolved in dry diethyl ether (5 mL). The 
reaction vessel was cooled in an ice—water bath to 0-S°. Excess LiAlH, (36.0 mg, 
0.95 mmol) was added and the reaction stirred at 0—S° for 30 min. The mixture was 
diluted to 15 mL with diethyl ether and solid Na,SO,-10 H,O was added in small 
portions at 0° until effervescence ceased. Water (1.0 mL) was then added cautiously 
to ensure that LiAlH, was fully quenched. The liquid was then decanted from the 
fine granular precipitate and evaporated to give 81.0 mg (100%) of a yellow oil. 
Flash-column chromatography on silica (3.5 g) with 10:0.5:0.25 chloroform-— 
methanol-NH,OH yielded the pure allo epimer 5 (73.6 mg, 90%), [a]£°° +88.0° 
(c 2.09, chloroform), R, 0.30 (10:0.5:0.25 chloroform.methanol—-NH,OH,;; stains 
red with ninhydrin spray followed by charring); v!™ 3380 (NH,), 3320 (NH,), 3100, 
3080, 3040 (alkene arom.), 2920, 2880 (CH, CH,), 1500, 1460 (arom. ring), 1370, 
1220, 1150-1080 (br, OR), 740 and 698 cm~! (monosubst. arom.); 'H-n.m.r. 
(CDCI,): 6 7.34-7.20 (m, 15 H, Ph), 4.58-4.30 (m, 6 H, 3 OCH,Ph, but no ABq’s 
could be determined), 4.06 (m, 1 H, H-5), 3.93 (m, 3 H, H-2,3,4), 3.57 (dABaq, 2 
H, Avap 16.2, Jag 10.0, J; 6.0 Hz, H-6A,B), and 2.94 (m, 2 H, H-1); °C-n.m.r. 
(CDCI,): 6 138.28, 137.97, 137.90 (s, C quat., OCH,Ph), 128.55-127.75 (m, 
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OCH,C,H,), 83.83 (d), 83.40 (d), 82.39 (d), 73.42 (t), 71.68 (t), 71.60 (t), 70.66 (t), 
and 41.56 (t, C-1); m.s. (c.1.): m/z 434 (MH*), 205, 181, 107, and 91. 

Anal. Calc. for C,,H,,NO,-0.5 H,O: C, 73.27; H, 7.29; N, 3.16. Found: C, 
73.43; H, 6.99; N, 3.10. 

2,5-Anhydro-3,4,6-tri-O-benzyl-1-bromo-1-deoxy-D-allitol (8) and -D-altritol? 
(9). — An N,N-dimethylmethanamide solution (3.75 mL) of N-bromosuccinimide 
(75.0 mg, 0.45 mmol) was added at 24° to a stirred solution of alkene 2 (150 mg, 
0.36 mmol) in N, N-dimethylmethanamide (0.75 mL). The mixture was stirred for 
2 h at 24° at which time all starting material had been consumed (t.l.c. assay). The 
mixture was diluted with ethyl acetate (25 mL) and washed successively with 
saturated NaHCO, (10 mL), water, and saturated NaCl. The organic layer was 
dried (MgSO,), filtered, and evaporated under reduced pressure to give a clear oil 
(152 mg, 85%). The crude product could be purified by flash chromatography in 
9:1:1 petroleum ether-(35-60°)-ether-dichloromethane leading to >95% 
enrichment in the allo epimer (8) (75% _ purified); [a]f*> +32.3° (c 2.52, 
chloroform), R, 0.30 (9:1:1 petroleum ether—ether—dichloromethane); vi'™ 3100, 
3075, 3040 (alkene, arom.), 2920, 2870 (CH,,CH), 1500, 1450 (arom. ring), 1100, 
740, and 697 cm~! (monosubst. arom.); 'H-n.m.r. (CDCI,): 6 7.37—7.25 (m, 15 H, 
Ph), 4.61-4.47 (m, 6 H, 3 OCH,Ph, no ABq’s could be determined), 4.32 (m, 1 H, 
H-2), 4.21 (dt, 1 H, J, ; 2.0, J; 6.0 Hz, H-5), 4.03 (br. d, 1 H, J, 3.6 Hz, H-3), 
3.96 (br. d, 1 H, J, ; 2.0 Hz, H-4), and 3.61-3.47 (m, 4 H, H,-6, H,-1); °C-n.m.r. 
(CDCI): 6 138.20, 137.72, 137.64 (s, C quat., OCH,Ph), 128.56—-127.79 (m, 
OCH,C,H,;), 83.65 (d, C-2), 83.17 (d, C-5), 82.21 (d, C-3), 81.47 (d, C-4), 73.39, 
72.06, 71.53 (t, OCH,Ph), 70.42 (t, C-6), and 28.26 (t, C-1); m.s. (c.i.): m/z 499 
(MH*, *'Br), 497 (MH*, ”Br), 271, 181, and 91. 

Anal. Calc. for C,,H,,BrO,: C, 65.32; H, 5.89; Br, 15.89. Found: C, 65.03; 
H, 6.13; Br. 15.73. 

2,5-Anhydro-3,4,6-tri-O-benzyl-1-deoxy-1-mercuriochloro-b-allitol (10). — 
The general cyclization procedure and work-up described by Nicotra et al.'° was 
used. Mercuric acetate and mercuric trifluoroacetate gave cyclized product in 100 
and 83% crude yields, respectively. HgCl and HgBr"! did not effect cyclization. 
The compound could be purified by flash-column chromatography in 3:1:1 
petroleum ether-(35—60°)-ether—dichloromethane to yield the anomerically pure 
allo isomer 10, [a]%° —20.3° (c 1.76, chloroform), R, 0.27 (3:1:1 petroleum ether— 
ether—dichloromethane); v'!™ 3090, 3075, 3040 (alkene, arom.), 2920, 2875 (CH,, 
CH), 1610, 1590, 1500, 1460 (arom. ring), 1365, 1210, 1100-1040, 740 and 697 cm~! 
(monosubst. arom.); 'H-n.m.r. (CDCI,): 6 7.36—7.24 (m, 15 H, Ph), 4.63-4.33 (m, 
7 H, 3 OCH,Ph and H-2, no ABq’s could be determined), 4.11 (m, 1 H, H-5), 3.92 
(d, 1 H, J, ; 2.70 Hz, H-4), 3.74 (d, 1 H, J, ; 3.5 Hz, H-3), 3.53 (dABgq, 2 H, Ava, 
28.4, Jap 9.8, Js 6.0 Hz, H-6A,B), 2.18 (dd, 1 H, Ji, 4 1p 5-6, Jiaq.p 12.5 Hz, 
H-1A or B), and 1.80 (dd, 1 H, Ji, 4, ip.2 2-8, Jj p 12.5 Hz, H-1A or B); °C-n.m.r. 
(CDCI,): 6 138.26, 137.79, 137.02 (s, C quat., OCH,Ph), 128.73-127.91 (m, 
OCH,C,H;), 83.92 (d, C-2), 83.44 (d, C-5), 83.20 (d, C-4), 79.27 (d, C-3), 73.61, 
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71.92, 71.75 (t, OCH,Ph), 70.80 (t, C-6), and 28.37 (t, C-1); m.s. (c.i.): m/z 621 
(MH* — *’Cl), 619 (MH* — *Cl), 529, 181, 107, and 91. 

Anal. Calc. for C,,H,).ClIHgO,: C, 49.62; H, 4.47. Found: C, 49.80; H, 4.60. 

Typically, further manipulations of 10 were carried out on the crude 
organomercurial compound. 

2,5-Anhydro-3, 4,6-tri-O-benzyl-1-deoxy-1-phenylseleno-pb-allitol (12) and -pb- 
altritol (13). — Cyclization by the method of Nicolaou*:'”, followed by flash-column 
chromatography in 9:1:1 petroleum ether-(35—60°)-ether—dichloromethane, gave 
a 46% yield of a colorless oil. The product was an inseparable mixture of dia- 
stereomers (1.0:1.5 allo-to-altro ratio) as determined by 'H- and 'C-n.m.r. 
spectroscopy; [a]i*> +7.5° (c 2.8, chloroform), R,; 0.20 (9:1:1 petroleum ether— 
ether—dichloromethane); v#!™ 3100, 3070, 3040 (alkene, arom.), 2930, 2870 (CH), 
CH), 1585, 1500, 1455 (arom. ring), 1370, 1210, 1120-1050, 740, 695 cm™! 
(monosubst. arom.); 'H-n.m.r. (CDCI,): 6 7.52—7.22 (m, 20 H, Ph), 4.60-4.44 (m, 
6 H, 3 OCH,Ph, no ABq’s could be determined), 4.32-4.25 (m, 2 H, H-2,5), 4.13 
(app. t, 1 H, J34 = Jy; 2.5 Hz, H-4), 4.07 (br. d, 1 H, J;, 2.5 Hz, H-3), and 
3.64-3.51 (m, 4H, H,-1, H,-6); °C-n.m.r. (CDCI,): 6 29.98 (t, C-1 altro) and 25.47 
(t, C-1 allo); m.s. (c.i.): m/z 575 (MH*, Se), 271, 181, and 91. 

Anal. Calc. for C;,H,,0,Se: C, 69.10; H, 5.97. Found: C, 69.34; H, 6.24. 

2,5-Anhydro-3,4,6-tri-O-benzyl-D-allitol (14) and -p-altritol® (15). — Com- 
pound 1 (258.9 mg, 0.62 mmol) was dissolved in freshly distilled (from CaH,) 
dichloroethane (6 mL). 3-Chloroperbenzoic acid (60 mg, 0.93 mmol) was added all 
at once. The mixture was refluxed for 19 h and cooled to 0°. The resulting solid was 
removed by filtration and the filtrate evaporated under reduced pressure. Crude 
'H-n.m.r. analysis showed ~15% of unreacted alkene present. Column chromato- 
graphy in 1:1:1 petroleum ether—ether—dichloromethane gave a 1:1 mixture of allo 
(14) and altro (15) alcohols (as determined by 'H-n.m.r. integration of the two OH 
triplets) as a colorless oil (90.2 mg, 34%); R, 0.25 (1:1:1 petroleum ether—ether-—di- 
chloromethane); v,,,{'™ 3600-3300 (br. OH), 3085, 3060, 3030 (alkene, arom.), 
2910, 2870 (CH,,CH), 1600, 1580, 1450 (arom. ring), 1360, 1210, 1150—950 (br., 
OR), 735, and 690 cm~! (monosubst. arom.); 'H-n.m.r. (CDCI,): 6 7.33—7.22 (m, 
15 H, Ph), 4.62-4.41 (m, 6 H, 3 OCH,Ph, no ABq’s could be determined), 4.2-4.05 
(m, 4 H, H-2,3,4,5), 3.84-3.64 (m, 2 H, sharpens to an app. t. at 3.83 and a dd at 
3.70 upon addition of D,O, H,-1), 3.61 (m, 2 H, H,-6), 2.55 (t, 1 H, J; 64 6.5 Hz, 
D,O exchange), and 2.10 (t, 1 H, J; 9, 6.5 Hz, D,O exchange); C-n.m.r. 
(CDCI,): 6 138.05, 137.94, 137.85, 137.76, 137.67 (s, C quat., OCH,Ph), 133.14— 
127.80 (m, OCH,C;H;), 84.74, 84.33, 83.88, 83.42, 83.30, 81.92, 80.56, 73.46, 
72.13, 72.00, 71.90, 70.27, 70.19, 62.73 (t, C-1 altro), and 61.71 (t, C-1 allo); m.s. 
(c.i.): m/z 435 (MH*), 343, 371, 181, 145, 107, and 91. 

Anal. Calc. for C,7H3)90;-H,O: C, 72.38; H, 7.09. Found: C, 72.52; H, 6.86. 

2,5-Anhydro-3, 4,6-tri-O-benzyl-1-deoxy-D-allitol (16) and -D-altritol'> (17). — 
Method A using the crude reaction mixture from the mercury-induced cyclization. 
The crude organomercurials (153.2 mg, 0.23 mmol) were dissolved in dichloro- 
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methane (2.5 mL), and solid benzyltriethylammonium chloride (262 mg, 1.15 
mmol) dissolved in 10% NaOH (1.5 mL) was added. The mixture was cooled to 0° 
and solid NaBH, (85.1 mg, 2.3 mmol) was added all at once. The reaction was 
quenched within 2 min by addition of water*. The reaction mixture was diluted 
with dichloromethane (20 mL), and the layers were separated. The organic layer 
was washed successively with water (5 mL), saturated NaCl (5 mL), and dried 
(MgSO,). Filtration and evaporation under reduced pressure gave a yellow oil (48.2 
mg, 49%) which, though homogeneous by t.l.c., was an inseparable mixture of 
diastereomers enriched in the allo (16) isomer, [a]i° +24.6° (c 1.46, chloroform), 
R,, 0.16 (9:1:1 petroleum ether—ether—dichloromethane); vil™ 3120, 3100, 3080, 
3040 (alkene, arom.), 2940, 2920, 2880 (CH,,CH,CH,), 1500, 1450 (arom. ring), 
1220, 1150-1050 (br., OR), 740 and 700 cm~! (monosubst. arom.); 'H-n.m.r. 
(CDCI,): 5 7.39-7.27 (m, 15 H, Ph), 4.65-4.40 (m, 6 H, 3 OCH,Ph, no ABq’s 
could be determined), 4.15 (m, 1 H, H-2, collapses to a doublet having J, , 3.7 Hz 
upon irradiation of CH,), 4.05 (m, 1 H, H-5), 3.91 (app. d, 1 H, H-3), 3.78 (d, 1 
H, J,; 3.7 Hz, H-4), 3.60 (dABgq, 2 H, vag 20.94, Jag 9.8, J55 6.2 Hz, H-6A,B), 
1.35 (br. d, 3 H, J, , 6.5 Hz, CH;); 'H-n.m.r. (C,D,): 6 1.42 (d, 3 H, J, , 6.5 Hz, 
CH,, allo), and 1.35 (d, 3 H, J; , 6.5 Hz, CH3, altro); °C-n.m.r. (CDCI,): 6 138.49, 
138.34, 138.14 (s, C quat., OCH,Ph), 128.64-127.73 (m, OCH,C,H;), 84.83 (d, 
C-2), 84.12 (d, C-5), 82.62 (d, C-3), 77.45 (d, C-4), 73.54, 71.71, 71.59 (t, 
OCH,Ph), 71.01 (t, C-6), and 14.34 (q, C-1); m.s. (c.i.): m/z 419 (MH*), 327, 181, 
147, 133, 117, 107, and 91. 

Anal. Calc. for C,,H3,0,: C, 77.48; H, 7.22. Found: C, 77.21; H, 7.25. 

Method B. General procedure for reduction of halogen (I,, Br,) and selenium- 
induced cyclization products. The crude cyclization product was dissolved in dry 
benzene (from CaH,) to give a 0.06M solution. A catalytic amount of 
azoisobutyronitrile (0.05 eq.) was added, followed by excess tributyltin hydride 
(3.0 eq.). The mixture was refluxed for 45 min under an atmosphere of Ar. Benzene 
was removed in vacuo and the mixture diluted with acetonitrile. The acetonitrile 
layer was shaken with hexane (3 <X 5 mL) and the combined hexane layers were 
discarded. The acetonitrile layer was dried (MgSO,), filtered, and evaporated to 
give the crude reduction product (16 and 17) as a mixture of diastereomers. Yields 
were 70, 74, and 80% for reduction of the iodomethyl (3), bromomethyl (8), and 
phenylselenomethyl (12) compounds, respectively. 
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ABSTRACT 


Sugar 1,4-lactones reacted with hexamethylphosphorous triamide-tetra- 
chloromethane to give dichloroolefins in one step. These compounds are versatile 
intermediates. Treatment of these 1,1-dichloro-1,1-dideoxy-3,4,-O-isopropylidene 
derivatives with lithium diisopropylamide gave the corresponding 4-deoxy-3-ulo 
derivatives. Reduction of the dichloromethylene group gave a methyl group with 
high stereospecifity. This opens the way to a set of 2,5-anhydro-1-deoxyalditols. 


INTRODUCTION 


The discovery of C-nucleosides and their biological properties’ prompted the 
search for the synthesis of C-glycosyl compounds. Some methods have been pro- 
posed which allowed the introduction of a highly functionalized chain at the 
anomeric center. The functionality permitted the construction of various nitrogen- 
containing heterocycles. These syntheses have been the topic of a review. Never- 
theless, the formation of a carbon-carbon bond at the anomeric center with a high 
degree of stereoselectivity remained a problem which has been partially solved in the 
past few years with the synthesis of recently discovered, highly-complex structures” 
of some natural products. Oxolane and oxane rings present in these structures have 
been synthetized, as well as model compounds. Several methods have been pu- 
blished, for example the reaction of allylsilanes* and enol ethers’, Claisen® and 
Ferrier’ rearrangements, the Wittig reaction®, and the generation of carbanions” at 
C-1 or radical chemistry’®. 

Only a few reports of the use of lactones as starting materials for C-glycosyl 
compounds synthesis have been published''’'*. Sugar lactones are often commer- 
cially available or readily obtained from the corresponding alcohol. Nucleophilic 
additions on the carbonyl group, followed by subsequent dehydration led to the 


*Part of this work was presented at the IIIrd European Symposium on Carbohydrates, Grenoble, 


September 1985. 
'To whom correspondence should be addressed. 
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TABLE | 


DICHLOROMETHYLENATION OF |,4-LACTONES 


Starting compound Product 





—30 
5 —30 
9 
13 
17 
20 





formation of a carbon-carbon double bond. If the reagent is able to perform both 
reactions, the oxygen atom of the lactone may be replaced by a substituted carbon 
atom. 

N, N, N', N', N", N” -Hexamethylphosphorous triamide - tetrachloromethane 
((Me,N)3P-CCl,), a reagent known for the activation of sugar hydroxyl groups’’, 
has been also used for the transformation of a carbonyl into a dihalogenomethylene 
group. This reaction was applied to some aldehydes and ketones'**, including keto 
sugars'®. 1,4-Lactones derived from sugars react with (Me.N);P-CCl, to form di- 
chloroolefins in good yields’’, and we report now some applications of this reaction 
to the field of deoxy-C-glycosyl compounds. 


RESULTS AND DISCUSSION 


Treatment of some 1,4-lactones with the reagent in dry oxolane at low tem- 
perature gave the corresponding dichloroolefins in good yields. The reaction can be 
performed by slow addition of the phosphine to a solution of carbon tetrachloride at 
— 30°, followed by addition of the lactone, or by adding the phosphine to the 
mixture of carbon tetrachloride and lactone in dry oxolane with a motor-driven 
syringe, thus allowing a very slow addition. 

The use of carbon tetrabromide instead of carbon tetrachloride gave complex 
mixtures which darkened rapidly at — 30°. The triphenylphosphine-carbon tetra- 
chloride system, which is known to react well with ketones and aldehydes to give 
dichloroolefins, gave no reaction with 1,4-lactones. This observation supports an 
ionic mechanism rather than a phosphorane-type mechanism as triphenylphosphine 
could give phosphorane whereas (Me,N);3P could not '°. 

The reaction is believed to proceed via trichloromethylide formation, followed 
by condensation of this unstable compound with the carbonyl group of the lactone. 
Oxytris(dimethylamino)phosphonium salt formation arose from the reaction of the 
tertiary alcoholate with the chlorophosphonium salt. Subsequent positive halogen 


*For a silicon based reagent, see ref. 15. 
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abstraction by the phosphine or the complex phosphine-carbon tetrachloride af- 
forded the dichloromethylene group and hexamethylphosphoric triamide (see 
Scheme 1). Thus, with sterically hindered lactone as in the D-ribo series, condens- 
ation of the trichloromethylide anion became sluggish. There is a delicate balance 
between the nucleophilic attack of the anion and its decomposition, which could 
explain the excess of phosphine needed and the observed yield. Replacement of the 
bulky (1,1-dimethylethyl)dimethylsilyl group by acetate led to a better yield of di- 
chloroolefins 13, this observation supporting our hypothesis. On the other hand, 
these results demonstrated the excellent chemoselectivity of the reagent, which 
distinguished between ester and lactone. The mildness of the reaction conditions 
allowed the use of the acetate, mesylate, or silyl group to protect alcohol groups. 

For further transformation of the sugar in the presence of a dichloro- 
methylene group, which may act as a carbonyl protecting group, the stability of this 
group was examined. Thus, acid hydrolysis of 5 in aqueous acetic acid led to 6 in 
nearly quantitative yield, and deacetylation of 13 with sodium methoxide gave 15 in 
the same yield. 

The reduction of the dichloromethylene to a methyl group giving a cis ar- 
rangement of the methyl and 3,4,-O-isopropylidene groups was efficiently achieved 


TABLE Il 


RANEY NICKEL REDUCTION OF DICHLOROMETHYLENE COMPOUNDS 





Starting compound Product Reaction time (h) Yield (%) 





3 71 
7 90 
10 + 11° 82 
14 83 
18 72 
21 65 





49.1 Ratio by 'H-n.m.r. estimation. 
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by the use of freshly prepared Raney nickel in ethyl acetate. The reaction was com- 
pletely stereospecific, except in the case of the D-ribo derivative 9. It was possible to 
detect the trans isomer 11 by 'H-n.m.r. spectroscopy although we were unable to 
isolate 11 in the pure form without contamination of the cis isomer 10. Table II 
summarizes these results. 

Action of strong bases on dichloro compounds was then examined. This inves- 
tigation began with 5 which, upon treatment with butyllithium, gave a new product. 
Careful spectral analysis revealed that a mixture of ketones had been obtained 
(Scheme 2). In fact, two concurrent reactions occured, a metal-to-halogen exchange 
of one chlorine atom and an H-3* abstraction by butyllithium, thus giving rise to the 
formation of deoxyketones'”. The reaction was very difficult to monitor and needed 
a large excess of alkyllithium and so we eventually turned to other strong bases. 
Lithium diisopropylamide [LiN(CHMe>,)2] was found to be very efficient, the 
metal-to-halogen exchange being suppressed. Dichloroolefins were treated with an 
excess of amide in dry oxolane to give the expected ketones in good yield. Upon 
treatment of 20 with an excess of amide, both the 3,4-O-isopropylidene and 6-O- 


TABLE III 
TREATMENT OF DICHLOROOLERANS WITH LITHIUM DIISOPROPYLAMIDE 
Starting compound Product Reaction conditions Yield 


Temp. (°) Time (h) (Yo) 


—30 69 
30 90 
-0 7 57 


*Refers to heptose numbering. 
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TABLE IV 


RANEY NICKEL REDUCTION OF KETONES 


Starting compound Product Reaction time (h) Yield (%) 


25 + 26 (9:1) 70° 
27 + 28 10 85 
29 + 30 ; 65 10 


“ Pure isolated 26 


acetyl groups were removed, thus giving a complex mixture of different ketones. 

Attempts to protect the starting lactone with the base-stable (1,1-dimethyl- 
ethyl)dimethylsilyl group were unsuccessful. This transformation opens the way to 
branched-chain carbohydrate, owing to the possible alkylation of intermediate 
ketone enolates according to our recent method”’. The results obtained with lithium 
diisopropylamide are summarized in Table III. 

Finally, we attemped the reduction of the dichloroketones obtained. Raney 
nickel was found to be very efficient to reduce both double bonds and carbon- 
chlorine bonds, thus a new route to dideoxy-C-glycosyl compounds was opened. 
Our results are summarized in Table IV. 

In conclusion, the convenient dichloromethylenation of sugar 1,4-lactones 
gives a new access to deoxy-C-glycosyl- or dideoxy-C-glycosyl compounds after 
Raney nickel reduction. Indeed, the introduced methyl group may be regarded as 
the C-5’ of a C-glycosyl compounds bearing a chiral functionalized appendage of 
one to three carbon atoms. This may be of interest for N the synthesis of natural 
products, such as muscarin and furanomycin /.@a. Compounds such as 2 and 22 are 
potentially useful in the synthesis of more complex molecules. 


EXPERIMENTAL 


General methods. — Optical rotations were measured with a Perkin-Elmer 


r 3 

= 0;R = Bu'Me,S 
' ' HCO 
= CCiz;R = Bu'Me,Si 
H;R° = Me;R° = Bu'tMe.Si 16 RR = O:R =Ms 

: 3 t 9 

Me;R = H;R = Bu Me,Si 17R,R = CCl;:R° = Ms 
“= 0;R = ac 18 R' = H:R* = Me;R° = Ms 
mt CCle sR = Ac 19 RR =o:R'= Ac 

ont as Be q 3 

H;R = Me;R = Ac 20R,R = CCi2;R = Ac 


2 3 1 3 
= CCloa;R = H 21R = HR = Me,R = Ac 
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Bu'Me,SiOCH, | 


Bu’ Me,SiOCH, Bu ‘Me, SiOCH, a 


141 polarimeter. I.r. spectra were recorded for thin films with a Perkin-Elmer 580 B 
spectrometer, and 'H-n.m.r. spectra for solutions in (7H)chloroform with tetra- 
methylsilane as the internal standard with a Bruker Aspect 3000 (400 MHz) instru- 
ment. T.l.c. was performed on Merck precoated plates of Silica gel 60 and detection 
was effected by spraying the plates with H2SO, in methanol and heating under an i.r. 
lamp. Oxolane was distilled immediately prior to use from sodium-benzophenone. 
N,N,N’ ,N’,N” ,N” -Hexamethylphosphorous triamide was purchased from Aldrich 
and distilled before use. Raney nickel was prepared according to Burgstahler and 
Abdel-Rahman”’. Starting lactones 1, 4, 8, 12, 16, and 19 were prepared according 
to references cited by standard procedures (respectively refs. 22, 23, 11, 24, 25 and 
25). Microanalyses were performed by the Service Central de Microanalyses du 
C.N.R.S. (Vernaison, France): amorphous compounds 2, 5, 9, 13, 15, 17, 24, 29, 
and 30 were unstable and gave unsatisfactory results. 

Procedures for dichloromethylenation of lactones. — Method A. To a 
solution of carbon tetrachloride (1.2 g, 8 mmol) in anhydrous oxolane (30 mL) 
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under Ar was added dropwise a solution of (Me2N)3P (980 mg, 6 mmol) in an- 
hydrous oxolane (10 mL) at — 30°. A white precipitate was formed. A solution of 
the lactone (1 or 4: 516 mg, 2 mmol) in oxolane (20 mL) was subsequently added. 
Stirring was continued for | h at — 30°. T.1l.c. indicated complete transformation of 
the starting compound. The mixture was then poured into water and the product 
extracted with diethyl ether (3 x 100 mL). After rapid washing with dilute HCI (10 
mL) and water (50 mL), the organic layer was dried (MgSO,) and evaporated. 
Column chromatography of the residue afforded pure dichloroolefins. 

Method B. To a solution of lactone (2 mmol) and carbon tetrachloride (1.2 g, 
8 mmol) in anhydrous oxolane (30 mL) under Ar was added over 2 h with a 
motor-driven syringe (or very slowly) a solution of (Me,N)3P (980 mg, 6 mmol) in 
anhydrous oxolane (10 mL) at the temperature indicated in Table I. The reaction 
was monitored by t.l.c. If some starting material remained, the treatment was 
repeated by adding further amount of carbon tetrachloride and phosphine until 
complete disappearance of starting material. The products were recovered by 
Method A. 

2,5-Anhydro-1,1-dichloro- 1-deoxy-3,4:6,7-di-O-isopropylidene-pb-manno- 
hept-1-enitol (2). — Yield 512 mg (79%), [a]7y +172° (c 0.5, chloroform), R, 0.7 (2:1 
hexane-ethylacetate) ; ymax 1665 cm~'; 'H-n.m.r. (250 MHz): 6 1.38 (s, 3 H), 1.42 (s, 
3 H), 1.45 (s, 3 H), 1.48 (s, 3 H, CMe); 4.12 (m, 3 H, H-7, 7’, 5), 4.5 (m, 1 H, H-6), 
4.87 (m, 1 H, H-4), and 5.3 (d, 1 H, H-3). 

3,6-Anhydro-7, 7-dichloro-7-deoxy-1,2:4,5-di-O-isopropylidene-L-gluco-hept- 
6-enitol (5). — Yield 598 mg (92%), [a] —175° (c 0.5, chloroform), R, 0.57 (1:1 
hexane-ethylacetate); ymax 1660 cm~', 'H-n.m.r. (250 MHz): 6 1.37 (s, 3 H), 1.4 (s, 3 
H), 1.46 (s, 6 H, CMe), 3.75 (dd, 1 H, Jj.2 7 Jj, 8.5 Hz, H-1), 4.19 (dd, 1 H, J3,4 4, 
J3,2 8.5 Hz, H-3), 4.23 (dd, 1 H, J;.2 7 Hz, H-1’), 4.45 (dd, 1 H, H-2), 4.75 (dd, 1 H, 
J3,4 4 Hz, H-4), and 5.31 (d, 1 H, J4,5 6 Hz, H-S5). 

2,5-Anhydro-1, 1-dichloro-1-deoxy-3,4-O-isopropylidene-6-O-/(1, 1-dimethyl- 
ethyl)dimethylsilyl]-p-ribo-hex-1-enitol (9). — Yield 377 mg (51%), [al —145° (c 
0.5, chloroform), R, 0.5 (9:1 hexane-ethyl acetate); ymax 1660 cm~', 'H-n.m.r.: 6 
0.06 (s, 6 H, CH;Si), 0.88 (s, 9 H, Bu‘Si), 1.4 (s, 3 H), 1.47 (s, 3 H), 3.76 (dd, 1 H, 
Js.6 1.5, Jee 11 Hz, H-6), 3.84 (dd, 1 H, Js.6 2.5 Hz, H-6’), 4.6 (t, 1 H, H-5), 4.81 
(d, 1 H, J3,46 Hz, H-4), and 5.23 (d, 1 H, H-3). 

6-O-Acetyl-2,5-anhydro-1,1-dichloro- 1-deoxy-3,4-O-isopropylidene-pb-ribo- 
hex-1-enitol (13). — Yield 445 mg (75%), [a]f* —154° (c 0.5, chloroform), R, 0.56 
(2:1 hexane-ethyl acetate); vax 1750, 1665 cm~'; 'H-n.m.r.: 5 1.4 (s, 3 H), 1.5 (s, 3 
H, CMe3), 2.1 (s, 3 H, COCA), 4.1 (dd, 1 H, Je,5 3.5, Je,6, 12 , H-6), 4.35 (dd, 1 H, 
Js. 3.5 Hz, H-6), 4.75 (m, 2 H, H-4,5), and 5.3 (d, 1 H, J3,4 6 Hz, H-3). 

2,5-Anhydro-1,1-dichloro- 1-deoxy-3,4:7,8-di-O-isopropylidene-6-O-me- 
thanesulfonyl-p-glycero-D-gluco-oct-]-enitol (17). — Yield 290 mg (67%), lal 
~112° (c 0.5, chloroform), R, 0.45 (3:2 hexane-ethyl acetate); ymax 1660 cm™~’, 
'H-n.m.r.: 6 1.38 (s, 3 H), 1.4 (s, 3 H), 1.42 (s, 3 H), 1.45 (s, 3 H, CMe), 3.15 (s, 3 H, 
SO.CH;3), 4.0-4.2 (m, 4 H, H-5, 7,8,8’), 4.8 (dd, 1 H, J4,5 4, J3,4 6 Hz, H-4), 5.08 
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(dd, 1 H, Je.7 4, Js.6 9 Hz, H-6), and 5.33 (d, 1 H, H-3). 

6-O-Acetyl-2,5-anhydro-1,1-dichloro-1-deoxy-3,4:7,8-di-Q-isopropylidene- 
p-glycero-p-gluco-oct-/-enitol (20). — Yield 715 mg (90%), m.p. 77° (hexane), [a] 
— 85° (c 0.5, chloroform), R, 0.55 (2:1 hexane-ethyl acetate); ymax 1745, 1665 cm~', 
'H-n.m.r.: 6 1.3 (s, 3 H), 1.39 (s, 3 H), 1.42 (s, 3 H), 1.48 (s, 3 H, CMez), 2.1 (s, 3 H, 
COCH;), 3.97 (dd, 1 H, J7.g 6, Jg.g° 9 Hz, H-8), 4.05 (dd, 1 H, J7,3° 6.5 Hz, H-8’), 
4.2 (dd, 1 H, J4,5 3.5, Js.6 7 Hz, H-5), 4.3 (dd, 1 H, Jg,7 5.5 Hz, H-7), 4.8 (dd, 1 H, 
J3.4 5.5, J4.5 3.5 Hz, H-4), 5.3 (d, 1 H, H-3), and 5.55 (dd, 1 H, H-6). 

Anal. Calc. for C;g6H22ClsO7: C, 48.38; H, 5.58; Cl, 17.85. Found: C, 48.21; 
H, 5.65; Cl, 18.28. 

3,6-Anhydro-7, 7-dichloro-7-deoxy-4,5-O-isopropylidene-L-gluco-hept-6-eni- 
tol (6). — Compound 5 (230 mg, 0.7 mmol) was dissolved in aqueous acetic acid (40 
mL, 7:3, v:v). The mixture was heated at 50°. T.l.c. monitoring showed complete 
disappearance of starting material after 1 h. The solvent was evaporated and, after 
three codistillations with toluene, the residue was directly chromatographed on silica 
gel; yield 190 mg (95%); m.p. 118°, [a]f’ —200° (c 0.5, chloroform), R, 0.33 (2:3 
hexane-ethyl acetate); ymax 3600 cm, 1660 cm~', 'H-n.m.r.: 6 1.4 (s, 3 H), 1.48 (s, 3 
H, CMe>), 2.5 (b.m., 1 H, CH2OA), 3.15 (m, 1 H, CHOH), 3.8 (dd, 1 H, J7.7 11.5, 
Js.7 4.5 Hz, H-7), 3.9 (dd, 1 H, J6.7 3.5, H-7’), 4.15 (q, 1 H, Js,6 7 Hz, H-6), 4.28 
(dd, 1 H, J4.5 3.5 Hz, H-5), 4.88 (dd, 1 H, J3,4 6 Hz, H-4), and 5.35 (d, 1 H, H-3). 

Anal. Calc. for C;jgH,4CloOs: C, 42.13; H, 4.95; Cl, 24.87. Found: C, 41.77; 
H, 4.98; Cl, 23.98. 

2,5-Anhydro-1,1-dichloro-1-deoxy-3,4-O-isopropylidene-D-ribo-hex-1-enitol 
(15). — Compound 13 (450 mg, 1.5 mmol) was dissolved in dry methanol (40 mL). A 
catalytic amount of Na (3 mg) was then added. After 3 h of stirring at room 
temperature, the mixture was made neutral with Dowex 50W (H“). Filtration and 
evaporation gave pure 15 (380 mg, 95%), [a]j’ —128° (c 0.5, chloroform), R, 0.4 
(2:1 hexane-ethyl acetate); vax 3600, 1665 cm~', 'H-n.m.r.: 6 1.2 (s, 3 H), 1.3 (s, 3 
H, CMe;), 3.05 (m, 1 H, OH), 3.7 (dd, 1 h, J6.6 7 Js.6 3 Hz, H-6), 3.85 (dd, 1 H, Js.6 
2.5 Hz, H-6’), 4.6 (s, 1 H, H-5), 4.8 (d, 1 H, J3.4 6 Hz, H-4), and 5.3 (d, 1 H, H-3). 

Procedure for Raney nickel reduction. — The dichloromethylene derivative (1 
mmol) was dissolved in dry ethyl acetate. About 200 mg of freshly prepared Raney 
nickel, previously washed with ethyl acetate, were added and the mixture vigour- 
ously stirred until complete transformation of the starting material (t.l.c. monit- 
oring). The mixture was filtered through a pad of Celite and the filtrate evaporated. 
Column chromatography afforded pure products. 

2,5-Anhydro-1-deoxy-3, 4:6, 7-di-O-isopropylidene-p-glycero-D-manno-hepti- 
tol (3). — Yield 183 mg (71%), [al]? —20.8° (c 0.5, chloroform), R, 0.47 (3:2 
hexane-ethyl acetate); 'H-n.m.r.: 6 1.3 (d, 3 H, J 6 Hz, Me), 1.33 (s, 3 H), 1.36 (s, 3 
H), 1.43 (s, 3 H), 1.47 (s, 3 H, CMe), 3.47 (dd, 1 H, J4.5 3.5 Js.6 7.5 Hz, H-5), 3.64 
(m, 1 H, H-1), 4.05 (m, 2 H, H-7,7’), 4.38 (m, 1 H, H-5), 4.55 (dd, 1 H, J3.4 6, J3. 3.5 
Hz, H-3), and 4.73 (dd, 1 H, H-4). 

Anal. Calc. for C;3H220;: C, 60.45; H, 8.59. Found: C, 60.10; H, 8.50. 
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3,6-Anhydro-7-deoxy-1,2:4,5-di-O-isopropylidene-b-glycero-L-gluco-hepti- 
tol (7). — Yield 232 mg (90%), [aly +21° (c 0.5, chloroform), R, 0.53 (3:2 
hexane-ethyl acetate); 'H-n.m.r.: 6 1.3 (s, 3H, CMe;), 1.38 (d, 3 H, J 6 Hz, H-7), 
1.59 (s, 3 H, CMe3), 1.63 (s, 6 H, CMe3), 3.53 (dd, 1 H, J3.4 4, Jo.3 8 Hz, H-3), 3.56 
(m, 2 H, H-6,1), 4.23 (dd, 1 H, J;.2 7, J;., 8.5 Hz, H-1’), 4.41 (q, 1 H, H-2), 4.78 
(dd, 1 H, Js.6 4, J4,s 6.5 Hz, H-2), and 4.83 (dd, 1 H, H-5). 

Anal. Calc. for C;;H2.O0;: C, 60.45; H, 8.59. Found: C, 60.19; H, 8.53. 

2,5- Anhydro - 1 - deoxy -3,4-O-isopropylidene -6-O-[(1,1-dimethylethyl)di- 
methylsilyl]-p-altritol (10). — Yield 247 mg (82%), [a]j; —4.4° (c 0.5, chloroform), 
R, 0.35 (9:1 ether-hexane); 'H-n.m.r.: 6 0.06 (s, 6 H, Me,Si), 0.9 (s, 9 H, Bu'Si), 1.27 
(d,3 H, /6 Hz, H-1), 1.36 (s, 3 H, CMe>), 1.51 (s, 3 H, CMe>), 3.3 (m, 2 H, H-6,6’), 
4.05 (t, 1 H, Js.6 4 Hz, H-S5), 4.2 (dq, 1 H, J2.3 4 Hz, H-2), 4.59 (dd, 1 H, J3.46.5 Hz, 
H-3), and 4.81 (d, 1 H, H-4). 

6-O-Acetyl-2,5-anhydro- 1 -deoxy-3,4-OQ-isopropylidene-bv-altritol (14). — 
Yield 191 mg (83%), lal +9.7° (c 0.5, chloroform), R, 0.45 (2:1 hexane-ethyl 
acetate); Ymax 1740 cm~'; 'H-n.m.r.: 6 1.3 (d, 3 H, J 6.5 Hz, H-1), 1.35 (s, 3 H), 1.55 
(s, 3 H, CMe>), 2.1 (s, 3 H, CH3;CO), 4.0 (dd, 1 H, Je6 11.5, Js.6 5 Hz, H-6), 4.1 
(dd, 1 H, J>.3 3.5 Hz, H-2), 4.15 (dd, 1 H, Js.¢, 6.5 Hz, H-6’), 4.25 (t, 1 H, H-5), and 
4.6 (m, 2 H, H-3,4). 

Anal. Calc. for C;;H;s0s: C, 57.39; H, 7.82. Found: C, 56.96; H, 7.92. 

2,5-Anhydro- 1-deoxy-3,4:7,8-di-O-isopropylidene-6-O-methylsulfonyl-p- 
erythro-L-galacto-octitol (18). — Yield 263 mg (72%), [a]p +2.2° (c 0.5, chloro- 
form), R, 0.30 (3:2 hexane-ethyl acetate); 'H-n.m.r.: 6 1.29 (d, 3 H, J 6 Hz, H-1), 
1.31 (s, 3 H), 1.37 (s, 3 H), 1.48 (s, 3 H, CMe>), 3.1 (s, 3 H, SO,;CH:3), 3.5 (dd, 1 H, 
J4.5 3.5 Js.6 9 Hz, H-4), 3.63 (dq, 1 H, J>.3 3.5, J6 Hz, H-2), 4.06 (m, 2 H, H-8,8’), 
4.37 (dt, 1 H, J7.g 6.5, Jz.g: 6.5 Hz, H-7), 4.6 (dd, 1 H, J3.46 Hz, H-3), 4.68 (dd, 1 H, 
H-3), and 5.08 (dd, 1 H, Jg.7 4 Hz, H-6). 

Anal. Calc. for C;;H2OgS: C, 49.17; H, 7.15; S, 8.75. Found: C, 48.92; H, 
7.09; S, 8.50. 

6-O-Acetyl-2,5-anhydro- 1-deoxy-3,4:7,8-di-O-isopropylidene-D-erythro-L- 
galacto-octitol (21). — Yield 214 mg (65%), [a]j’ +6.9° (c 0.5, chloroform), R, 0.47 
(1:1 hexane-ethyl acetate); v,,,, 1740 cm~'; 'H-n.m.r.: 6 1.29 (s, 3 H, H-1), 1.30 (s, 3 
H), 1.35 (s, 3 H), 1.42 (s, 3 H), 1.49 (s, 3 H, CMe3), 2.15 (s, 3 H, CH3CO), 3.48 (dd, 1 
H, J4.5 3.5, Js.6 7 Hz, H-5), 3.6 (m, 1 H, J 6, J2.3 3.5 Hz, H-2), 4.0 (m, 2 H, J7. 8, 
J+.9° 7, Jg., 9 Hz, H-8,8’), 4.35 (m, 1 H, Jg.7 4.5 Hz, H-7), 4.6 (dd, 1 H, J3,4 6 Hz, 
H-3), 4.67 (dd, 1 H, H-4), and 5.53 (dd, 1 H, H-6). 

Anal. Calc. for C;g6H2.07: C, 58.17; H, 7.87. Found: C, 58.80; H, 8.07. 

General procedure for ketone formation with lithium diisopropylamide. — 
Dichloroolefin (1 mmol) was dissolved in dry oxolane (20 mL) under Ar at —30°. 
Lithium diisopropylamide (2.2 mmol) solution [prepared at 0° from diisopropy- 
lamine (220 mg, 2.2 mmol) and butyllithium (2.5m solution, 0.9 mL) in dry oxolane 
(20 mL) at 0°] was added dropwise over 10 min. After complete disappearence of 
starting compound (t.l.c. monitoring), the mixture was hydrolyzed with a saturated 
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ammonium chloride solution (50 mL). Extraction with ether (3 x 100 mL), washing 
with water, drying (Na2SO,), and evaporation afforded a crude product which was 
chromatographed on a silica gel column. 

2,5-Anhydro-1,1-dichloro-1,4-dideoxy-6, 7-O-isopropylidene-b-erythro-hex- 
]-enitol-3-ulose (22). — Yield 184 mg (69%), m.p. 83-85° (hexane), [a]7” —27° (c 
0.5, chloroform), R, 0.48 (2:1 hexane-ethyl acetate); umax 1740, 1600 cm™~' 'H- 
n.m.r. 6 1.35 (s, 3 H), 1.45 (s, 3 H) CMeo, 2.85 (t, 2 H, J45 7.5, Jy.5 5.5 Hz, 
H-4,4’), 3.85 (dd, 1 H, J7,7 9, J6,7 5 Hz, H-7), 4.2 (dd, 1 H, Jg,7 6.5 Hz, H-7'), 4.35 
(m, 1 H, Js.6 5 Hz, H-6), and 4.6 (m, 1 H, H-5). 

Anal. Calc. for CigH;2Cl,O4: C, 44.97; H, 4.53; Cl, 26.55. Found: C, 44.87; 
H, 4.44; Cl, 25.71. 

2,5-Anhydro-1,1-dichloro-1,4-dideoxy-6, 7-O-isopropylidene-b-threo-hex-1- 
enitol-3-ulose (23). — Yield 240 mg (90%), m.p. 89° (hexane), [alp +26.6° (c 0.5, 
chloroform), R, 0.44 (2:1 hexane-ethyl acetate); umax 1740, 1600 cm~'; 'H-n.m.r.: 6 
1.3 (s, 6 H, CMe,), 2.75 (dd, 1 H, J4,5 4.5, Jg,4, 18 Hz, H-4), 2.97 (dd, 1 H, J4,,,5 8.5 
Hz, H-4’), 4.1 (dd, 2 H, Jg.7 7, Jg.7 2.5 Hz, H-7,7’), 4.25 (m, 1 H, Js,6 2.5 Hz, H-6), 
and 4.75 (m, 1 H, H-S5). 

Anal, Calc. for CyjgH;2Cl,Og: C, 44.97; H, 4.53; Cl, 26.55. Found: C, 44.81; 
H, 4.56; Cl, 25.96. 

2,5-Anhydro - 1,1-dichloro-1,4-dideoxy-6-O-/[(1,1-dimethylethyl)dimethyl- 
silyl]-p-glycero-hex-1-enitol-3-ulose (24). — Yield 160 mg (57%), [a]f’ —24.8° (c 
0.5, chloroform), R, 0.48 (4:1 hexane-ethyl acetate); umax 1740, 1600 cm~'; 'H- 
n.m.r.: 60.1 (s, 6 H, Me,Si), 0.8 (s, 9 H, Bu’), 2.80 (dd, 1 H, J4.4 13, J4.5 8 Hz, H-4), 
2.86 (dd, 1 H, J4,.5 5 Hz, H-4’), 3.70 (dd, 1 H, Je.e6, 11.5, Js.6 2 Hz, H-6), 4.05 (dd, 
1 H, Js.6 2.5 Hz, H-6’), and 4.75 (m, 1 H, H-5). 

The above ketones (1 mmol) were hydrogenated over Raney nickel as already 
described and isolated in the same way. 

2,5-Anhydro-1,4-dideoxy-6, 7-O-isopropylidene-b-gluco-hepitol (25). — Yield 
141 mg (70%), [alp +16.7° (c 0.5, chloroform), R, 0.42 (1:1 hexane-ethyl acetate); 
Umax 3600 cm~'; 'H-n.m.r.: 6 1.3 (d, 3 H, J 6.5 Hz, H-1), 1.4 (s, 3 H), 1.5 (s, 3 H, 
CMe;), 1.95 (dd, 1 H, J4.4 14, J4,5 3 Hz, H-4), 2.3 (m, 1 H, J4,5 10, J3,4 5 Hz, H-4’), 
3.3 (m, 1 H, OH), 3.58 (q, 1 H, J7,7 8, Je,7 6.5 Hz, H-7), 3.8 (dq, 1 H, J2,3 2.5 Hz, 
H-2), 3.95 (d, 1 H, J3,4 5 Hz, H-3), 4.1 (m, 2 H, J¢,7 2.5, Js.6 6 Hz, H-5,7’), and 4.4 
(m, 1 H, H-6). 

Anal. Calc. for Ci;oH;g04: C, 59.40; H, 8.91. Found: C, 59.22; H, 8.65. 

2,5-Anhydro-1,4-dideoxy-6, 7-O-isopropylidene-p-altro-heptitol (26). — Pure 
27 was not obtained without contamination of 26. The proportion was determined 
by integration of 'H-n.m.r. signals of the crude mixture of 25 and 26. 

2,5-Anhydro - 1,4- dideoxy -6,7-O-isopropylidene -D - galacto - heptitol (27). - 
Yield 19 mg (10%), [aly + 10.5° (c 0.5, chloroform), R, 0.24 (1:1 hexane-ethyl 
acetate); Umax 3600 cm~'; 'H-n.m.r.: 6 1.25 (d, 3 H, J7 Hz, H-1), 1.37 (s, 3 H), 1.44 
(s, 3 H, CMe), 1.82 (ddd, 1 H, Jg,4 13, J3,4 2.5, J4,5 6 Hz, H-4), 1.9 (ddd, 1 H, J3,4) 
6.5, Jy 5 9 Hz, H-4’), 2.0(m, 1 H, OH), 3.7 (dd, 1 H, J7,7 8, J6,7 7 Hz, H-7), 3.9 (m, 
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1 H, J>3 3.5 Hz, H-2), and 4-4.2 (m, 4 H, H-3,5,6,7’). 

Anal. Calc. for C}gH;g04: C, 59.40; H, 8.91. Found: C, 59.18; H, 8.75. 

2,5-Anhydro-1,4-dideoxy-6, 7-O-isopropylidene-D-ido-heptitol (28). — Yield 
171 mg (85%), [aly — 28.6° (c 0.5, chloroform), R, 0.34 (1:1 hexane-ethyl acetate); 
Umax 3600 cm~'; 'H-n.m.r.: 6 1.27 (d, 3 H, J 6 Hz, H-1), 1.4 (s, 3 H), 1.47 (s, 3 H, 
CMe>), 1.95 (dd, 1 H, J4.4 14, J3.4 2.5 Hz, H-4), 2.4 (dd, 1 H, Jy5 4,J3.4 9 Hz, 
H-4'), 3.63 (m, 1 H, OH), 3.85 (m, 1 H, J2,3 2.5 Hz, H-2), 3.94 (m, 1 H, H-3), and 
3.95-4.1 (m, 4 H, H-5,6,7,7’). 

Anal. Calc. for C}gH;g04: C, 59.40; H, 8.91. Found: C, 59.27; H, 8.70. 

2,5-Anhydro-1,4-dideoxy-6-O-/(1, 1-dimethylethyl)dimethylsilyl]-D-xylo-hexi- 
tol (29). — Yield 160 mg (65%), [a]f’ +37° (c 0.5, chloroform), R, 0.51 (2:1 
hexane-ethyl acetate); vmax 3600 cm~'; 'H-n.m.r.: 6 0.13 (2 s, 6 H, Me>Si), 0.92 (s, 
9H, Bu’), 1.26 (d, 3 H, J 6.5 Hz, H-1), 1.94 (dd, 1 H, Js; 2.5 Hz, H-4), 2.35 (ddd, 1 
H, Jy 3 5, Jays 10, Jaq, 14 Hz, H-4’), 3.5 (dd, 1 H, Js.6 1.5, Js.6, 11 Hz, H-5), 3.82 
(m, 3 H, H-2,3,5), 3.9 (m, 1 H, OH), and 4.18 (ddd, 1 H, H-S5). 

2,5-Anhydro-1,4-dideoxy-6-O-/(1, 1-dimethylethyl)dimethylsilyl]-p-arabino- 
hexitol (30). — Yield 24 mg (10%), lal —9.8° (c 0.5, chloroform), R, 0.30 (2:1 
hexane-ethyl acetate); vmx 3600 cm~'; 'H-n.m.r.: 6 0.06 (s, 6 H, SiCH;), 0.85 (s, 9 
H, Bu'), 1.15 (d, 3 H, J6 Hz, H-1), 1.6 (m, 1 H, OH), 1.79 (ddd, 1 H, J4.4° 13, J3.4 3, 
J4,.5 6.5 Hz, H-4), 2.0 (ddd, 1 H, J3.4, 6.5 Jy 58 Hz, H-4’), 3.6 (d, 2H, Js.g = Js.6: 
= 4.5 Hz, H-6,6’), 3.82 (dq, 1 H, J2.; 3.5 Hz, H-2), 3.92 (m, 1 H, H-3), and 4.15 (m, 
1 H, H-5). 
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ABSTRACT 


The titanium(IV)-catalyzed addition of trimethylsilyl enol ethers to 2,4,6-tri- 
O-acylhex - 1 -enopyran -3 - uloses (3 and 4) gave stereoselectively 3,6-di-O-acyl-4- 
deoxy - 6 - D - glycero-hex-3-enopyranosyl-2-ulose derivatives. The formation of the 
C-glycosyl bond was accompanied by a 2—+3 acyl shift, followed by the elimination 
of the 4-acyloxy substituent. Similarly, the reaction of 1-pyrrolidinocyclohexene 
with 3 and 4 also led stereoselectively to 2-(2,4,6-tri-O-acyl-6-D-ribo-hexopyrano- 
syl)cyclohexanones. In this Michael addition, among the eight possible diastere- 
omers, Only one was formed. The high stereocontrol of both C-glycosyl compound 
syntheses is explained in terms of cyclic transition complexes A and C. 


INTRODUCTION 


The synthesis of C-glycosyl compounds is receiving increasing attention owing 
to the number of important natural products possessing C-glycosyl bonds, e.g., the 
C-nucleosides' and C-glycosylflavonoids*. Furthermore, synthetic C-glycosyl com- 
pounds represent interesting chiral synthons, suitable for the synthesis of complex 
molecules, since they contain a large number of chiral centers and functional 
groups. For these reasons, new methods for the synthesis of these compounds have 
been recently developed. Whereas the earlier methods only allowed the introduction 
of one C-atom, e.g. via cyanide’, the new procedures open up ways to connect 
larger structures at C-1. Most of these C-glycosyl compound syntheses involve the 
attack of C-nucleophiles at the anomeric center of glycosyl halides, lactones’, or 
thioglycosides®. Another C-glycosyl compound synthesis utilizes the addition of 
glycosyl adicals to double-bond systems’. A new flexible concept is based on the 
”Umpolung” of the chemical reactivity at the anomeric center. Carbanions of 1- 
deoxy-1-nitro-monosaccharides® and, more generally, glycosyllithium compounds” 
have been converted successfully into C-glycosyl compounds by treatment with 


various electrophiles. 


0008-62 15/87/$ 03.50 © 1987 Elsevier Science Publishers B.V. 
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RESULTS AND DISCUSSION 


In this report, we describe a new method for the synthesis of highly functiona- 
lized C-glycosyl compounds consisting of the reaction of 2,4,6-tri-O-acetyl- (3) and 
2,4,6-tri-O-pivaloyl-1-deoxy-D-erythro-hex-1l-enopyran-3-ulose (4) with trimethyl- 
silyl enol ethers'®. The acyl-protected enuloses 3 and 4, which act as the Michael 
acceptors in these Mukaiyama reactions'', were best obtained from the correspond- 
ing 1,2,4,6-tetra-O-acylglycopyranoses (1 and 2) by means of the oxidation of the 
free OH-3 with dimethyl sulfoxide and acetic anhydride or chlorosulfonyl isocya- 
nate in dichloromethane’. In compounds 3 and 4, the orbital-controlled reacting 
electrophilic terminus of the a,@-unsaturated carbonyl system is located at the 
anomeric carbon atom. In contrast to alcohols, which cannot be added to this center 
stereoselectively', the trimethylsilyl enol ethers of ketones 5-8, aldehyde 9, and ester 
10 reacted highly stereoselectively, in the presence of titanium(IV) catalyst, with the 
acetyl-protected enulose 3 to form the C-glycosyl compounds 11-17. The reactions 
took place in dichloromethane at — 78° in the presence of titanium(IV) chloride or 
titanium(IV) chloride-titanium(IV) isopropylate. The reactions were accompanied 
by an intensive red or orange color and could be monitored by t.l.c.. The nucleophi- 
lic addition of the silyl enol ether is apparently followed by a 2—3 acyl shift and 
subsequent elimination of the acyloxy-4 substituent. After the reaction was finished, 
the titanium complex was removed by sodium carbonate and, if necessary, the C- 
glycosyl compounds were purified by flash chromatography. The results are summa- 
rized in Table I. 

As shown in Table I, the reaction of 3 with cyclohexenyl trimethylsilyl ether 5 
gave a C-glycosyl compound 11 having two new chiral centers (C-1,2’). Among four 
possible diastereomers, only one was formed in high yield. Analogously, the tri- 
methylsilyl enol ethers of acetophenone (7), acetone (8), isobutyraldehyde (9), and 
tertbutyl acetate (10) stereospecifically gave 13-16 which, on the basis of their 'H- 
n.m.r. spectra, have the 6-p configuration. 

In the reaction of the cyclopentenyl trimethylsilyl ether 6, a second diaster- 
eomer 13 was formed beside the main product 12. This by-product presumably also 
has the 6-p configuration at the anomeric center, but an opposite configuration 
relative to 12 at glycosylated C-2'. The cyclopentyl derivative 6 is relatively planar. 
This property may cause the lower stereocontrol during the approach to 3 as the 
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TABLE I 


SYNTHESIS OF COMPOUNDS 11-16 FROM TRIMETHYLSILYL ENOL ETHERS AND 2,4,6-TRI-O-ACETYL-1- 
DEOXY-D-erythro-HEX- |-ENOPYRAN-3-ULOSE (3)* 


Trimethylsilyl C-Glycosyl Ratio of Reaction Yield 
enol ether compound TiCl, to Ti-isopropylate time (h) (%) 


0.5 90 
0.5 55° 
76 
20 50 
17 47 
17 40 


~_~ 
_— 


il 
12° 
13 
14 
15 
0 16 


— NNN — 
oo --— oS 


“In dichloromethane at — 78°. °A 5:1 mixture of diastereomers, see Results and Discussion, and 
Experimental sections. 


reacting partner. The C-glycosyl compound 15 obtained from isobutyraldehyde 
retained traces of unpolar impurities. Therefore, it was converted into the dithio- 
acetal 17 with 1,3-propanedithiol. 

The n.m.r. spectroscopic determination of the structure of the synthesized 
C-glycosyl compounds is rather problematic owing to the lack of the commonly 
evaluated H-1-H-2 coupling. The assignment of the structure of the products 11-16 
was, in most cases, almost exclusively based on the comparison of their 'H-n.m.r. 
data with those of structurally analogous glycosides'*-'° and was deduced from the 
magnitude of the H-4-H-5 coupling. For the structurally similar glycosides, a 
coupling constant J,; ~3.5 Hz has been observed for the G-D series, whereas the 
corresponding a-D anomers have shown a constant J4.; <2 Hz. Since, in the spectra 
of 11-16, these couplings ranged from J45 = 4.34 (12) to 3.54 Hz (16), all the 
compounds formed selectively possess the 6-p configuration. By use of this analogy, 
only the structure of the minor product of the cyclopentenyl trimethylsilyl ether 
addition (isolated with 12) remains somewhat uncertain, the coupling (J4.5 3.8 Hz) in 
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its spectrum is lower than that of 12, but the value clearly is larger than those of a-p 
glycosides. Therefore, we corrected the assignment made earlier’® and suggest that 
this side product belongs to the @-pD series and has a configuration at C-2’ opposite 
to that of 12. An additional support for the structural assignments of 11-17 can be 


Scheme 1 
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drawn from the observation of K6ll e¢ a/.'’ who found that the structurally similar 
C-a-D-glycosyl compounds having aromatic side chains at C-1 show a low coupling 
J4.5 32 Hz. 

The larger H-4-H-5 coupling in the 6-p series of these compounds has been 
explained in terms of a reduced dihedral angle between the bonds of H-4 and H-S, 
and consequently by a dominating 'Ho(p) conformation'*'®, in which the large- 
size substituents have to take the quasi-axial orientation. For the C-glycosyl com- 
pounds 11-17, this normally unfavored arrangement may be stabilized by intra- 
molecular dipole interactions between the carbonyl oxygen atom in the side chain 
and the electrophilic ring-atoms C-2 and C-4. 

The high stereocontrol of the C-glycosyl compound synthesis described herein 
may be explained in terms of a cyclic transition complex A (formulated for the 
formation of 11) in which the C-C bond formation is assisted by a titanium- 
mediated interaction between the silyl group and the carbonyl oxygen atom. The 
approach of the silyl enol ether 5 from the upper (Si) side of the enulose 3 was 
obviously preferred, since the reactant approaching from below causes a steric 
repulsion with the 4-acetoxy substituent. The formation of the C-C bond was 
followed by an 2—+3 acetyl shift, probably giving an orthoester-type intermediate B 
which, then, underwent an elimination of the 4-acetoxy substituent to form the 
C-glycosyl compound 11 (see Scheme 1). This accompanying rearrangement is 
hindered where the wandering acyl group is bulky. Consistent with this proposal, the 
pivaloyl-protected enulose 4 reacted with the trimethylsilyl enol ether 5 to give 18 in 
only 34% yield. 


Me,CCO,CH, 


The suggestion outlined for the mechanism and the structural assignment for 
compounds 11-18 were both strongly supported by the results obtained in the 
Michael addition of 1-(1-cyclohexen-1-yl)pyrrolidine (19) to the enuloses 3 and 4. In 
these reactions, compounds 20 and 21 having three newly created chiral centers at 
C-1,2, and 2’ were obtained. Here also, these reactions proceeded with high stereo- 
selectivity. Among eight possible diastereomers, only one was formed. The structure 
of the 2-(2,4,6-tri-O-acyl-8-b-ribo-hexopyranosyl-3-ulose)cyclohexanones 20 and 21 
was elucidated from the highfield 'H-n.m.r. spectra, in which the doublets for H-4 
and -2 occurred at 6 5.26 and 5.21 (20), and 6 5.23 and 5.18 (21), respectively. The 
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= Me,CCO 


larger coupling constants J4,5 10.23 (20) and 10.55 Hz (21) reflected, in both cases, 
in the double triplets of H-5 proved the preferred *C,(p) conformation of these 
C-glycosyl compounds. Furthermore, the large coupling J, 10.88 Hz also observed 
in the signals of the anomeric protons at 6 4.37 (20) and 4.43 (21) is evidence for the 
B-p configuration of both compounds. All the assignments were confirmed by 
double-resonance experiments. 

The high stereocontrol in the formation of 20 and 21 may be explained, once 
again, by the postulation of an intermediate, cyclic-transition complex C involving 
the orbital-controlled C-C bond formation and a cooperating interaction between 
the enamine nitrogen and the carbonyl carbon atoms (see Scheme 1). Model con- 
siderations revealed the favored enamine approach from the Si-site owing to the 
sterically hindered alternative Re-site reaction. Furthermore, in both C-glycosyl 
syntheses, the nonpolar ring members of the silyl enol ether 5 in A, as well as those 
of the enamine 19 in C would prefer the ”exo” position producing the (S)-configur- 
ation at C-2’ of 11, 12, 20, and 21. The minor component, formed with 12 in the 
addition of the relatively planar cyclopentenyl derivative 6, may have evolved from 
an ”endo”-type transition complex corresponding to A and, therefore, would have 
the (R)-configuration at C-2’. 

In conclusion, the Michael additions of trimethylsilyl enol ethers and of 
enamines to enuloses open up stereoselective routes to highly functionalized C-gly- 
cosyl compounds offering opportunities of broad structural variation. 


EXPERIMENTAL 


General methods. — Melting points are uncorrected. Optical rotations were 
measured with a Perkin-Elmer 241 polarimeter. U.v. spectra were recorded with a 
Beckman Acta MVI spectrometer, and c.d. spectra with a JASCO J 41C spectral 
polarimeter. 'H- and '*C-n.m.r. spectra were recorded with (a) a Bruker WH-270 
(270 MHz-'H-, (b) a Bruker WH-90 (90 MHz-'H and 22.63 MHz-'3C), or (c) a 
Bruker-AM-400 (400 MHz-'H and 100.6 MHz-'*C) spectrometer with tetramethyl- 
silane as the internal standard; the n.m.r. data are reported with arabic numbers for 
atoms of the residues and arabic numbers with prime for the carbon side-chain 
atoms. Mass spectra (m.s.) were registered with (a) a Varian MAT CH-7A (e.i.), (b) a 





MICHAEL ADDITION OF TRIMETHYLSILYL ENOL ETHERS 3] 


Varian MAT CH 711 (f.d.), or (c) a Finnigan MAT 312 (f.a.b.) spectrometer. Prepa- 
rative l.c. under elevated pressure was performed with a Waters Prep 500 A equip- 
ped with cartouches (500 g silica 10-40), flash chromatography on silica MN 60 
(0.04-0.063 mm, Macherey and Nagel), and t.l.c. on Silica gel GF 54 (E. Merck, 
Darmstadt). 

2,4,6-Tri-O-acetyl-1-deoxy-b-erythro-hex-l-enopyran-3-ulose (3) and _ 1- 
deoxy-2,4,6-tri-O-pivaloyl-D-erythro-hex-1l-enopyran-3-ulose (4) were synthesized 
from 1,2,4,6-tetra-O-acetyl-8-p-glucopyranose (1) and 1,2,4,6-tetra-O-pivaloyl-6- 
p-glucopyranose (2) respectively, as described earlier'*. Ligroin refers to the frac- 
tion of b.p. 45-70°. 

General procedure for the preparation of a-(3,6-di-O-acetyl-4-deoxy-68-p- 
glycero-hex-3-enopyranosyl-2-ulose)-carbonyl compounds 11-16. — To a solution 
of 3 (1 g, 3.5 mmol) in dry dichloromethane (10 mL) at —78° was added the 
corresponding trimethylsilyl enolether 5-10 (4.5 mmol) in dichloromethane (2 mL), 
followed by TiCl, (0.72 g, 3.8 mmol). In some reactions (as given in Table 1), 
titanium tetra(2-propanolate) (0.38 mmol) and, after ~ 2 h, an additional amount of 
TiCl, (0.38 mmol) were added. The reaction was indicated by an intensive red or 
orange coloring of the solution. The mixture was stirred for the time given in Table 
I, and was then stopped by addition of 2M KHCOQO, solution (150 mL) and diethyl 
ether (80 mL). The aqueous phase was extracted twice with diethyl ether (80 mL), 
and the collected ether solutions were washed with water and with saturated 
NaHCO; solution (40 mL), dried (Na,SO,), and evaporated in vacuo. The remaining 
syrupy residue was purified by preparative I.c. under elevated pressure (1:1 
ligroin-ethyl acetate). The yields are given in Table I. 

2-(3,6-Di-O-4-deoxy--D-glycero-hex-3-enopyranosyl-2-ulose)cyclohexanone 
(11). — M.p. 89°, [a]?? 39.4° (c 1.4, chloroform); “<0 226 nm; c.d. (methanol): € 
+ 0.536 (A = 335 nm); 'H-n.m.r. (a, CDCI): 5 6.56 (d, 1 H, Js.5 4.25 Hz, H-4), 5.08 
(d, 1 H, J;.> 2.40 Hz, H-1), 4.82 (ddd, 1 H, Js 6, 6.16, Js 6, 3.40 Hz, H-5), 4.71 (dd, 1 
H, Jéa.6n 12.0 Hz, H-6a), 4.26 (dd, 1 H, H-6b), and 3.03-3.00 (ddd, 1 H, Jz; 2.40, 
Jo 31g 7.38, Jo 3°) 6.2 Hz, H-2'); '3C-n.m.r. (b, C6De): 6 206.5 (C-1'), 189.6 (C-2), 
75.5 (C-1), 51.6 (C-2’), and 41.5 (C-6’). 

Anal. Calc. for Cyg6H2O7 (324.3): C, 59.25; H, 6.21. Found: C, 58.97; H, 
6.01. 

2'(S,R)-2-(3,6-Di-O-acetyl-4-deoxy-G-D-glycero-hex-3-enopyranosyl-2-ulose) 
cyclopentanones (12). — The mixture of diastereomers 12 was obtained in 55% 
yield. The diastereomers were seperated by flash chromatography in 4:1 ligroin- 
acetone to give probably the 2S diastereomer as the main product (see Table I), oil, 
[a]? +10.0° (c 0.78, chloroform), Rr 0.52 (2:1 ligroin-acetone); 'H-n.m.r. (a, 
CDCI): 6 6.55 (d, 1 H, J4.5 4.37 Hz, H-4), 5.07 (d, 1 H, J;.2 2.33 Hz, H-1), 4.78 (m, 
1 H, H-5), 4.63 (dd, 1 H, Jéa.s 5.88, Jéa.6h 12.1 Hz, H-6a), 4.19 (dd, 1 H, Jey, 3.40 
Hz, H-6b), and 2.85 (m, 1 H, H-2’); '°C-n.m.r. (b, CDCI,): 6 217.6 (C-1'), 188.9 
(C-2), 75.5 (C-1), 49.7 (C-2'), and 38.3 (C-5’); m.s (a): m/z 310 (M“* ). 

Anal. Calc. for C,;;H;gQO7 (310.3): C, 57.97; H, 6.12. Found: C, 58.06; H, 
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5.85. 

The minor product is probably the 2R diastereomer (yield 7%), oil, [a]5? —79 
(c 0.86, chloroform), Rr (2:1 ligroin-acetone) 0.48; 'H-n.m.r. (b, CDCI;): 6 6.54 (d, 
1 H, Js.5 3.81 Hz, H-4), 4.84 (d, 1 H, J;.2 3.52 Hz, H-1), 4.82 (m, 1 H, H-5), 4.70 
(dd, 1 H, Jéa.5 5.28, Jéa.ch 11.74 Hz, H-6a), 4.17 (dd, 1 H, Jea.5 2.93 Hz, H-6b), and 
2.45 (m, 1 H, H-2’); '°C-n.m.r. (b, CDCI): 6 216.0 (C-1'), 188.3 (C-2), 77.6 (C-1), 
50.4 (C-2’), and 38.1 (C-5); m.s (a): m/z 310 (M° ). 

Anal. Calc. for C;s;H;gQ7 - 0.5 HO (319.3): C, 56.42; H, 6.00. Found: C, 
56.62; H, 6.14. 

2'-(3,6-Di-O-acetyl-4-deoxy-8-b-glycero-hex-3-enopyranosyl-2-ulose)aceto- 
phenone (13). — The compound was purified by flash chromatochraphy in 4:1 
ligroin-ethyl acetate, oil [a]2” —73° (c 1.3, chloroform), Rr (2:1 ligroin-ethyl ace- 
tone) 0.44; 'H-n.m.r. (a, CDCl): 6 6.55 (d, 1 H, J4” 5» 3.80 Hz, H-4), 5.16 (dd, 1 H, 
Ji aa 3.55, Jj.2» 7.33 Hz, H-1), 4.82 (m, 1 H, H-5), 4.63 (dd, 1 H, Jeéa.5 6.08, Jéa.6n 
12.07 Hz, H-6a), 4.20 (dd, 1 H, Jey.5 3.51 Hz, H-6b), 3.55 (dd, 1 H, Joa.2, 17.34 
Hz, H-2'a), and 3.41 (dd, 1 H, H-2’b); '°C-n.m.r. (b, CDCI3): 6 197.8 (C-1'), 190.7 
(C-2), 137.9 (ipso-C), 75.5 (C-1), and 40.3 [C-2 (w)] 

Anal. Calc. for C;gH;,O07 (346.3): C, 62.42; H, 5.24. Found: C, 62.49; H, 
5.29. 

(3,6-Di-O-acetyl-4-deoxy-B-D-glycero-hex-3-enopyranosyl-2-ulose)propa- 
none (14). — The product crystallized from diethyl ether, m.p. 65°, [a]?” —98° (c 
1.2, chloroform), 'H-n.m.r. (a, CDCl,): 6 6.52 (d, 1 H, J4.5 3.88 Hz, H-4), 4.94 (dd, 
1H, Jy 1 4.08, J).1', 7.43 Hz, H-1), 4.77 (m, 1 H, H-5), 4.59 (dd, 1 H, Jea.s5 6.18, 
J6a.66 12.04 Hz, H-6a), 4.17 (dd, 1 H, Jey.5 3.55 Hz, H-6b), 2.97 (dd, Jia. 1p, 17.07 
Hz, H-1'a), and 2.84 (dd, 1 H, H-1’b); '°C-n.m.r. (b, CDCI): 5 204.1 (C-2’), 188.6 
(C-2), 74.1 (C-1), and 44.0 (C-1’); m.s. (f.a.b.;c): m/z 285 (M~* + 1). 

Anal. Calc. for C;3H;.Q07 (284.3): C, 54.93; H, 5.67. Found: C, 55.19; H, 
5.60. 

2'-(3,6-di-O-acetyl-4-deoxy-8-bD-glycero-hex-3-enopyranosyl-2-ulosejisobuty- 
raldehyde (15). — The compound was purified by flash chromatography in 5:2 
ligroin-ethyl acetate, oil, [a]27 —110° (c 1.4, chloroform), Rr (1:1 ligroin-ethyl 
acetate) 0.52; 'H-n.m.r. (b,c; CD,Ci,): 6 9.54 (s, 1 H, CHO), 6.60 (d, 1 H, J4.5 4.12 
Hz, H-4), 4.87 (m, 1 H, H-5), 4.71 (s, 1 H, H-1), 4.68 (dd, 1 H, J6a.5 7.19, Jéa.6r 
12.24 Hz, H-6a), 4.11 (dd, 1 H, Je,.5 3.49 Hz, H-6b), and 1.12 (s, 6 H, CH;-C); 
'3C-n.m.r. (c, CH>C1,): 6 202.1 (CHO), 188.9 (C-2), 80.5 (C-1), and 50.2 (C-2’); m.s 
(f.d.; b): m/z 299 (M* + 1, base peak). The product contains small amounts of 
impurities; therefore, it was transformed into its trimethylene dithioacetal 17. 

tert-Butyl 2-(3,6-Di-O-acetyl-4-deoxy-B-D-glycero-hex-3-enopyranosyl-2-ulo- 
sejacetate (16). — The crude product was purified by flash chromatography in 3:1 
ligroin-ethyl acetate, oil [a]5> —30.1° (c 1.6, chloroform), Rp (1:1 ligroin-ethyl 
acetate) 0.53; ‘H-n.m.r. (a, CDCl): 5 6.52 (d, 1 H, Jg5 3.54 Hz, 
H-4), 4.9-4.8 (m, 2 H, H-5,1), 4.55 (dd, 1 H, J6a.5: 5.92, Jea.6y 12.03 Hz, H-6a), 4.18 
(dd, Jev,s 3.62 Hz, H-6b), 2.82 (dd, 1 H, Joa.) 4.07, Joa.» 17.08 Hz, H-2’a), and 
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2.69 (dd, 1 H, J»; 7.44 Hz, H-2’b). 

Anal. Calc. for Cig6H22Og - 0.5 HO (351.3): C, 54.69; H, 6.60. Found: C, 
54.34; H, 6.83. 

2-[2-(3,6-Di-OQ-acetyl-4-deoxy-8-D-glycero-hex-3-enopyranosyl-2-ulose)-2- 
propyl]-1,3-dithiane (17). — To a solution of the crude 15 (obtained from 1.75 mmol 
of 3) in chloroform (10 mL) was added propane-1,3-dithiol (0.23 g, 2.1 mmol). The 
mixture was stirred for 3 h at room temperature and then evaporated in vacuo. The 
remaining residue was purified by flash chromatography in 5:2 ligroin-ethyl acetate 
to give 17 (0.42 g, 62%), pale yellow oil, [a]?? +69.7° (c 1.6, chloroform), Rr (1:1 
ligroin-acetate) 0.59; 'H-n.m.r. (c, CDCI): 5 6.45 (d, 1 H, Js.5 4.28 Hz, H-4), 4.82 
(m, 1 H, H-5), 4.66 (s, 1 H, H-1), 4.58 (s, 1 H, H-2 dithiane), 4.51 (dd, 1 H, J6a.s 
6.41, Jéa.6h 12.04 Hz, H-6a), 4.19 (dd, 1 H, Jey; 3.61 Hz, H-6b), 3.0-2.8 (m, 4H 
and H-6 dithiane), 1.20 and 1.14 [2 s, 6 H, (CH3)2C]; '°C-n.m.r. (c, CDCI,): 6 189.0 
(C-2), 79.4 (C-1), 58.4 (C-2 dithiane), and 43.5 (MesC); m.s (a): m/z 388 (M~* ). 

Anal. Calc. for C;7H26O¢S> (388.5): C, 52.56; H, 6.23. Found: C, 52.36; H, 
6.16. 

2-(3,6-Di-QO-pivaloyl-4-deoxy-6-D-glycero-hex-3-enopyranosyl-2-ulose) 
cyclohexanone (18). — To a solution of 4 (0.5 g, 1.21 mmol) and cyclohexenyl 
trimethylsilyl ether 5 (0.3 g, 1.8 mmol) in dry dichloromethane (10 mL), at — 78° 
was added TiCl, (0.34 g, 1.8 mmol). The intensively red-colored solution was 
stirred for 30 min at — 78°. The reaction was stopped by the addition of Na»CO>) 
(0.5 g) in water (10 mL). The mixture was processed as described for 11 to give a 
syrupy product (320 mg) containing a main product, Rp 0.57 (3:1 ligroin-ethyl 
acetate) and some side products. Preparative l.c. in 6:1 ligroin-ethyl acetate yielded 
18 (0.17 g, 34%), colorless oil, [a]?* —47° (c 1.1, chloroform); 'H-n.m.r. (a, 
CDCI;): 6 6.47 (d, 1 H, J4.5 3.97 Hz, H-4), 5.14 (d, 1 H, J;.2 2.55 Hz, H-1), 4.84 (m, 
1 H, H-5), 4.60 (dd, 1 H, Jéa.s 5.5, Jéa.ch 12.0 Hz, H-6a), and 4.07 (dd, 1 H, Jey.s 3.6 
Hz, H-6b). 

Anal. Calc. for C22H3207 - H2O (426.5): C, 61.95; H, 8.04. Found: C, 62.24; 
H, 8.50. 

2-(2,4,6-Tri-O-acetyl-B-D-ribo-hexopyranosyl-3-ulose)cyclohexanone (20). — 
A solution of 3 (0.5 g, 1.74 mmol) and 1-(1-cyclohexen-1-yl)pyrrolidine (19; 0.28 g, 
1.8 mmol) in 1,4-dioxane (7 mL) was stirred at room temp. for 2 days. The mixture 
was poured into ice (20 g) and aqueous HCI (20 mL). The mixture was extracted five 
times with diethyl ether (30 mL). The ether solution was washed with sat. NaHCO, 
solution (30 mL) and with water, dried (Na,SO,), and evaporated in vacuo. As 
monitored by t.l.c. (1:2 ligroin-ethyl acetate), the syrupy residue (0.33 g, 49%) 
contained only one main product (Rf 0.62) and traces of nonpolar impurities. It was 
purified by column chromatography on silica (180 g; 1:2 ligroin-ethyl acetate to give 
21 (0.13 g, 20%), colorless oil, [a]?3z —1.4°, [a]?ig —0.9°, [a]2%¢ +5.9°, [a]32s 
+ 5.8° (c 1.2, chloroform), 'H-n.m.r. (CDCI): 6 5.26 (d, 1 H, Js.5 10.55 Hz, H-4), 
5.21 (d, 1 H, J;.» 10.88 Hz, H-2), 4.37 (dd, 1 H, J;.2 1.98, H-1), 4.28 (d, 2 H, Jes 
3.5 Hz, H-6), and 3.93 (dt, 1 H, H-5); f.d.m.s. (c): m/z 384 (100%, M*) and 385 








34 H. KUNZ, B. MULLER, J. WEISSMULLER 


(74%, M* + 1). 
Anal. Calc. for C;gH2409 - H2O (402.4): C, 53.72; H, 6.51. Found: C, 53.82; 


H, 6.04. 
2-(2,4,6-Tri-O-pivaloyl-8-b-ribo-hexopyranosyl-3-ulose)cyclohexanone (21). 
— This compound was obtained from 4 (0.5 g, 1.21 mmol) and 19 (0.2 g) in 1,4- 
dioxane (7 mL) in a manner analogous to the preparation of 20. T.1l.c. (3:1 ligroin- 
ethyl acetate) of the crude product indicated a main (Rp 0.75) and a minor com- 
ponent (R- 0.18). By column chromatography on silica (250 g; 6:1 ligroin-ethyl 
acetate), 21 (170 mg, 28%) was isolated as a colorless oil, which crystallized during 
drying in vacuo, m.p. 145-146°, [a]5’? +31.8° (c 1.5, chloroform); 'H-n.m.r. (a, 
CDCI,): 6 5.23 (d, 1 H, J4.5 10.23 Hz, H-4), 5.18 (d, 1 H, Jo), 10.88 Hz, H-2), 4.43 
(dd, 1 H, J;.» 2.0 Hz, H-1), 4.33 (dd, 1 H, Jéa.s 2.3, Jéa.6p 12.2 Hz, H-6a), 4.20 (dd, 
1 H, Jép.5 4.62 Hz, H-6b), and 3.90 (ddd, 1 H, H-5); f.d.m.s. (c): 510 (75%, M*) 


and 511 (19%, M* + 1). 
Anal. Calc. for Cs7H4209 (510.6): C, 63.40; H, 8.36. Found: C, 63.53; H, 


8.23. 
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ABSTRACT 


Reaction of 2,3-O-isopropylidene-D-ribofuranose (13) with the stabilized 
Wittig reagents Ph,P=C(Me)CO,Me (14) and Ph,P=C(Me)CN (15) gave olefinic 
products which, upon treatment with dilute base, afforded the corresponding 
anhydro sugars having the 6-D-anomer configuration exclusively. Treatment of 
these kinetic products with a strong base did not affect the ester obtained from 14, 
but the nitrile from 15 gave a B-to-a-anomer ratio at equilibrium of 4:1. Reaction 
of 13 with Ph,P=CHCOMe led directly to a 7:3 mixture of B- and a-D anomers, 
and this ratio was changed to 1:4 upon prolonged exposure to base. Treatment of 
4 ,6-O-ethylidene-D-glucopyranose with the Wittig reagent Ph,P=CHCOCH,CO.,Et 
led directly to a 1:1 mixture of the anomers of the anhydro sugar in which a B-keto 
ester residue is attached at the (original) anomeric center. This ratio of anomeric 
forms could not be changed by treatment with base, but the ethylidene-protecting 
group could be removed, and the resulting tetrol tritylated at the primary position. 


INTRODUCTION 


The C-glycosyl monosaccharides are derivatives of tetrahydrofurans or tetra- 
hydropyrans, heterocyclic ring systems that are also encountered frequently in a 
wide variety of natural products. These natural products may, therefore, be 
regarded as elaborate C-glycosyl compounds and, hence, carbohydrate-based 
approaches to their syntheses seem justified. Nonactic acid! (1) and trichothecanes, 
such as 2 (ref. 2) are two such natural products, and we have been interested in 
adapting the methods of synthesis of C-glycosyl compounds to their preparation. 


*Taken, in part, from the Ph.D. thesis of King Mo Sun, University of Maryland, 1981, and Robert D. 


Dave, University of Waterloo, 1982. 
‘Present address: Central Research and Development, du Pont Company, Experimental Station, 


Wilmington, Delaware, 19898, U.S.A. 
‘Present address: Dow Chemical Canada Inc., Fort Sasketchewan, Alberta, Canada T8L 2P4. 


**To whom correspondence should be addressed. 


0008-62 15/87/$ 03.50 © 1987 Elsevier Science Publishers B.V. 








36 K. M. SUN, R. D. DAWE, B. FRASER-REID 


Preliminary communications related to these objectives have appeared? and, in 
this report, we describe some support studies which are of general interest. 

From the standpoint of C-glycosyl chemistry, the synthetic challenge for 
target compounds 1 or 2 is the local element of symmetry about the heterocyclic 
ring. Thus, if nonactic acid is represented as 3, the local element of symmetry is 
seen to be a mirror plane (A) which bisects the molecule, whereas for the 
trichothecane 4, there is a C, axis represented by B. 

For a given heterocyclic ring system, equilibration of 3 and 4 is theoretically 
possible provided that appropriate functional elements are present, and this permits 
a considerable degree of flexibility in synthetic planning. 


CO>H 





HO 











The possible interconversion of 3 and 4 is particularly relevant in the case of 
nonactic acid (1) since, in the macrotetrolide nonactin, both enantiomers occur in 
alternating sequence, as a result of which the macrocycle exhibits an S, symmetry 
and is optically inactive>. Ideally, the need for equal amounts of each enantiomer 
could be met by an enantiodivergent procedure in which the enantiomeric forms of 
1 are derived from a single precursor. The considerations of symmetry in 
connection with 3 and 4 individually, and the ability to convert 3 into 4 (or vice 
versa), suggested two approaches to nonactic acid (see Scheme 1), which differ 
according to the mirror plane that is used to reflect the crucial key intermediate, 
represented as 5. Thus, approach (a) utilizes the mirror plane X and would require 
the transformation of the functional groups, A and B into C and D, respectively, 
to give one enantiomer [designated arbitrarily as (+)], and into D and C, 
respectively, to give the (—) enantiomer. In approach (b), the mirror plane Y is 
used and the (+) enantiomer is obtained as mentioned before; however, the (—) 
enantiomer is now obtained by a double epimerization of the side chains. 

The first prerequisite for probing the application of this general plan was to 
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Approach (b) 
Scheme 1 


establish the feasibility of the proposed “anomerizations”. Of particular 
significance, in this regard, was the detailed study reported by Ohuri et a/.° who had 
shown that the isomers 8 and 9 could be obtained as kinetic and thermodynamic 
products, respectively, of Wittig reactions of 2,3-O-isopropylidene-5-O-triphenyl- 
methyl-b-ribofuranose (7). Indeed, 8 seemed an ideal precursor for our work, since 
Chu et al.’ had reported the formation of the salt 5, which indicated that a one- 
carbon unit could be attached to the activated methylene group of the side chain. 
These results seemed promising for approach (a) (Scheme 1), since the primary 
hydroxyl group of 7 would provide a ready access to ester 10, to which the Chu ef 
al. method’ could be applied for the synthesis of the salt 11 from which the 
derivative 12 would be prepared. This approach was abandoned, however, when 
we found it impossible to obtain the methyl ester 6, either from salt 5 or by direct 
alkylation of 8. 

In an alternative approach, 2,3-isopropylidene-D-ribofuranose® (13) was 
treated with the stabilized Wittig reagent (2-methoxycarbonylethylidene )triphenyl- 
phosphorane (14) in refluxing acetonitrile for 4 h to afford an isolable intermediate, 
presumed to be the (E, Z) mixture 16 in 95% yield. Brief treatment with dilute base 
gave a mixture of two compounds (in 3:1 ratio) which could be separated by column 
chromatography. Their structures as epimers of the B-D anomer 18 were established 
by their transformation into nonactic acid (1) and its 2-epimer’. Reaction of 13 with 
(2-cyanoethylidene)triphenylphosphorane (15) also gave an excellent yield of an 
isolable alkene 17, which cyclized readily to give the anhydro sugar 19. The reaction 
of 13 with acetonylidenetriphenylphosphorane (21), in acetonitrile at reflux for 2 h, 
led to the anomers 22 and 23 in the ratio 7:3 without any evidence for an unsatu- 
rated intermediate. 
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In light of the results from Moffatt’s laboratory®, the (major) products of 
kinetic control should be the @ anomers, and the preliminary assignments of the 
(major) reaction products 18, 19, and 22 were made on this basis. Accordingly, 
prolonged treatment with base should effect equilibration, yielding the corre- 
sponding @ anomers as the major products of thermodynamic control®. The 


availability of both anomers in each case would greatly facilitate the structural proof 
by the °C-n.m.r. techniques pioneered by Moffatt and associates® (vide infra). 

In the case of 22 and 23, the ratio (7:3) in which they were formed, could be 
changed to 1:4 by treating the mixture with 10mM sodium methoxide in methanol 
for 30 min. However, in the case of the ester 18, treatment with 10mM methanolic 
sodium methoxide solution at room temperature for 16 h had no effect (t.l.c. and 
'H-n.m.r.), and even the drastic conditions of 0.3M methanolic sodium methoxide 
solution at reflux for 10 h failed to offer any formation of 20. On the other hand, 
treatment of the nitrile 19 with 0.3M ethanolic sodium ethoxide solution at reflux 
for 4 h caused anomerization to afford a 4:1 mixture of 24 and 19. The a anomers 
24 could be separated from the B anomer 19; however, separation of the epimers 
of each anomer was not achieved. 

The aforementioned results indicated that the a and B anomers could be 
readily obtained in the case of the nitrile (19 and 24) and propanone derivatives (22 
and 23), but not in the case of the ester 18, thus delineating the possible choices of 
functional groups that could be utilized for the double epimerization outlined in 
approach (b) (Scheme 1). Thus, residue D could be —CH(CH,)CN, but not 
~CH(CH,)CO,R, and residue C could be -CH,COMe. This information was used 
for the final synthesis*. 

With respect to the trichothecene system 2, the procedure to be adopted for 
a carbohydrate-based approach would depend on whether the molecule is 
represented in the *C,(D) (2a), or 'C,(D) conformation (2b), and these considera- 
tions have been discussed elsewhere*. However, in either case, a C-a-D-glyco- 
pyranosyl derivative is needed that would provide access to an “annulated 
pyranose” having a bridged structure (2a) or a fused system (2b). A B-keto ester 
seemed to be an interesting candidate for these objectives. 

Reaction of (ethoxycarbonylacetonylidene )triphenylphosphorane (26) with 
4,6-O-ethylidene-D-glucopyranose’ (25) in refluxing acetonitrile gave the expected 
C-glucopyranosyl compounds 28 and 29 without any evidence of intermediate 27. 
Because of difficulties in removing triphenylphosphine oxide, only very small 
amounts of the pure products could be isolated, even after repeated, careful 
chromatography. However, t.l.c. indicated that the two components were present 
in approximately equal amounts. The optical rotation was +34.6° for the fastest- 
moving anomer (XR, 0.65) and —28.7° for the more polar (R, 0.61). Since Hudson’s 
rule of isorotation has been shown to be valid for C-glucopyranosyl compounds", 
the structures 28 and 29 were assigned to the a-D and B-D anomer, respectively. 
Support for these conclusions was provided by the 'H-n.m.r. (600 MHz) spectra 
which, in the case of the B anomer 29 was easily interpreted. However, for the a 
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anomer 28 the spectrum was exceedingly complex, a result which was ascribed to 
the presence of the hemicetal form 30 to an appreciable extent. 

In view of the aforementioned difficulties with isolation, we found it best to 
treat the crude product from the Wittig reaction with acidic aqueous ethanol, the 
water being present to reduce the possibility of forming a mixed acetal from the a 
anomer 28. The resulting tetrols (31 and 32) were readily separated from triphenyl- 
phosphine oxide by extraction into water. Evaporation of the aqueous phase and 
column chromatography of the residue afforded both compounds as oils, which 
gave acceptable elemental analyses. The optical rotations of +5.7 and +9.1° were 
consistent with the assignments of structures 31 and 32, respectively. The high 
polarity of these tetrols presented a problem for further synthetic studies in view of 
their insolubility in organic solvents. This was overcome by tritylation, but the 
resulting compound 33, indeed soluble in organic solvents, was obtained in a 
disappointingly low yield. 

The stereoselectivity in the formation of 28 and 29 was low and, unlike in the 
case of 22 and 23, the ratio in which they were formed could not be altered by 
equilibration, as the most acidic protons are undoubtedly the activated methylene 
group. Hence, retrocyclization of the pyrano ring is unlikely. Indeed, 28 and 29 
were unchanged by prolonged treatment with sodium methoxide, and attempts to 
force the reaction led to decomposition. 

The results obtained with the furanose system indicated the functional groups 
that could be used for the “anomerizations” required in approach (b) (Scheme 1), 
which led to the final synthesis of methyl (+)- and (—)-nonactates*. However, in 
the case of the pyranose system, the B-keto ester derivatives were not suitable as 
chirons'! for trichothecenes, since it was not possible to increase the ratio of the 
desired a@ anomers. Therefore, an alternative procedure was adopted for the 
synthesis of the trichothecane skeleton‘. 


EXPERIMENTAL 


General methods. — Melting points were determined in capillary tubes with 
a Buchi 510 melting-point apparatus, and are uncorrected. Optical rotations were 
determined with a Perkin-Elmer 241 polarimeter. I.r. spectra were recorded with 
a Perkin-Elmer IR-298 spectrometer using NaCl cells and chloroform as solvent 
for solids or sodium chloride plates for films. 'H-N.m.r. spectra were recorded with 
Varian EM-360A (60 MHz), Bruker WP-80 (80 MHz), Varian XL-100 (100 MHz), 
Varian HR-220 (220 MHz) spectrometers and a 600-MHz spectrometer on 
solutions in CDCl, (internal Me,Si); coupling constants were obtained by 
measuring the spacings of the spectra judged to be first order. The progress of all 
reactions was monitored by t.l.c. on Silica gel 60 (HF-254, Merck) using the 
following solvent systems: ethyl acetate—light petroleum ether (A 1:4), dichloro- 
methane—methanol (B 4:1, C 9:1, D 19:1, E 24:1, F 1:9, and G 1:4), and diethyl 
ether (H). The chromatograms were viewed under u.v. light and charred with 
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H,SO,. Flash column chromatography was performed in Kieselgel 60 (230-400 
mesh, Merck). Elemental analyses were performed by Dr. F. Kasler (Department 
of Chemistry, University of Maryland) or by Guelph Chemical Laboratories 
(Guelph, Ontario, Canada). 

Standard procedure for the reaction of furanose with stabilized Wittig reagents. 
— The furanose (1 equiv.) and Wittig reagent (1.5 equiv.) were dissolved in dry 
acetonitrile (1 g of sugar/50 mL). The solution was boiled under reflux and, when 
the reaction was complete (t.l.c.), the solvent was evaporated and the residue 
chromatographed. 

Reaction of 2,3-O-isopropylidene-D-ribofuranose (13) with (2-methoxy- 
carbonylethylidene)triphenylphosphorane (13) and cyclization of the intermediate 16 
into methyl 3,6-anhydro-2-deoxy-4,5-O-isopropylidene-2-C-methyl-D-glycero-D- 
allo- and -D-altro-heptonate (18). — Under the standard Wittig reaction conditions, 
13 (ref. 8) (250 mg, 1.32 mmol) and 16 (700 mg, 2 mmol) reacted to give 16 (325 
mg, 95%), R, 0.44 (H); vOHCs 3480 (OH), 1715, and 1662 (a,B-unsaturated ester) 
cm~'; 'H-n.m.r. (60 MHz): 6 1.44 (s, 6 H, OCMe,), 1.95 (d, 3 H, H;-8), 2.90-3.43 
(br.s, 2 H, 2 OH), 3.68-4.01 (m, 7 H, H-5,6,7a,7b, CO,CH,), 4.00-4.87 (dd, 1 H, 
J, 49.0, J, 6.0 Hz, H-4), and 6.66 (dd, 1 H, J;, 0.7 Hz, H-3). 

Anal. (h.r.m.s.): Calc. for C,,H,jO; (M* — CH): 245.1025. Found: 
245.1043. 

To a solution of 16 (130 mg, 0.5 mmol) in 1,4-dioxane, was added 2% 
methanolic KOH solution (1 mL). The mixture was stirred for 5 min at room 
temperature and then made neutral with 1% HCl. After removal of solvent under 
reduced pressure, the residue showed two components (t.l.c., H) which were 
separated by chromatography. 

First component (31 mg, 24%): R, 0.43 (A), [a]p® +10.9° (c 2.63, 
chloroform); v¢#C 3500 (OH) and 1730 (ester) cm~!; 'H-n.m.r. (220 MHz): 6 1.28 
(d, 3 H, J, , 7.0 Hz, H;-8), 1.35 (s, 3 H, OCCH;), 1.57 (s, 3 H, OCCH;), 2.55 (br.s, 
1 H, OH), 2.81 (quint., 1 H, J,, 7.0 Hz, H-2), 3.67 (s, 3 H, CO,CH,), 3.25-3.83 
(m, 2 H, H,-7), 4.00 (m, 2 H, H-3,6), 4.65 (dd, 1 H, J; 43.8, J, 5 6.5 Hz, H-4), and 
4.71 (dd, 1 H, J; , 3.8 Hz, H-5); m.s.: m/z 245 (M* — CH;), 229 (M* — OCH,), 
and 213 (M+ — CH,0QO,). 

Second component (97 mg, 75%): Rp 0.38 (H), [a]p° —11.1° (c 0.90, 
chloroform); vS#Cs 3470 (OH) and 1730 cm™! (ester); 'H-n.m.r. (220 MHz): 6 1.28 
(d, 3 H, H,-8), 1.38 (s, 3 H, OCCH;), 1.57 (s, 3 H, OCCH;), 2.68 (quint., 1 H, J, 
7.0, Jz 2 7.0 Hz, H-2), 3.10 (br.s, 1 H, OH), 3.77 (s, 3 H, CO,CH;), 3.61—-3.89 (m, 
2 H, H,-7), 4.00-4.16 (m, 2 H, H-3,6), 4.51 (dd, 1 H, J; 44.2, J, 56.8 Hz, H-4), and 
4.75 (dd, 1 H, J; 5 3.5 Hz, H-5). 

Anal. (h.r.m.s.): Calc. for C,,H,,O, (M* — CH,) 245.1025. Found: 245.1039. 

(2-Cyanoethylidene)triphenylphosphorane (15). — A three-necked, 2-L, 
round-bottom flask, equipped with a condenser was charged with 2-hydroxy- 
propanenitrile (100 g, 1.4 mol), dry pyridine (110 mL, 1.4 mol), and anhydrous 
diethyl ether (1 L). Thionyl chloride (83 g, 0.7 mol) was added slowly to the 
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ethereal solution over 0.5 h and, after being stirred for another 0.5 h, the solution 
was filtered under vacuum into a 2-L, 2-necked, round-bottom flask equipped with 
a condenser and drying tube. Thionyl bromide was added and the solution was 
boiled under reflux for 24 h, cooled, transferred to a dropping funnel, and added 
carefully to a vigorously stirred suspension of excess anhydrous NaHCO, in dry 
diethyl ether, at such a rate controlled evolution of CO, took place. After the 
addition was complete, the mixture was filtered, the solids were washed with diethyl 
ether (200 mL), and the filtrate was evaporated to dryness. The deep-red, crude 
product was distilled under vacuum (58-60°, 3.3 kPa) to give 2-bromopropane- 
nitrile (46 g) as a colorless liquid. A portion (20 g, 0.15 mmol) of this material and 
triphenylphosphine (40 g, 0.15 mmol) were dissolved in dry toluene (200 mL) and 
the solution was refluxed for 12 h. The white solid formed was collected, washed 
well with anhydrous diethyl ether (3 x 50 mL) (55 g, 91.7%), recrystallized from 
dichloromethane-—diethyl ether. To a solution of this salt (25 g, 63 mmol), in dry 
dichloromethane (250 mL), was added finely powdered anhydrous K,CO, (20 g, 
145 mmol) and the suspension was stirred vigorously for 4 h at room temperature. 
The solids were collected by filtration and washed with dry dichloromethane (3 x 
50 mL). The filtrate and the washings were combined and the solvent was removed 
to give a yellow solid (19.9 g, 100%) which crystallized from diethyl ether- 
petroleum ether (30-60°), m.p. 168-169°; 'H-n.m.r. (60 MHz): 6 1.72 (d, 3, Jp.cu. 
17.6 Hz, CH) and 7.2-8.05 [m, 15 H, Jp cy P(C.Hs)5]. 

Anal. Calc. for C,,H,,NP: C, 80.00; H, 5.71; N, 4.40. Found: C, 79.60; H, 
5.74; N, 4.32. 

Reaction of 13 with 15 and cyclization of the intermediate 17 into 3,6-anhydro- 
2-deoxy-4,5-Q-isopropylidene-2-C-methyl-D-glycero-D-allo- and -D-altro-hep- 
tononitrile (19). — Reaction of 15 (1.2 g, 6.3 mmol) with 13 (3 g, 9.5 mmol) 
under the standard Wittig reaction procedure afforded 17, R,. 0.27 (H); voH#@s 3420 
(OH), 2215 (CN), and 1650 cm~! (double bond); 'H-n.m.r. (60 MHz): 6 1.40 (s, 3 
H, OCCH;), 1.50 (s, 3 H, OCCH;), 2.00 (d, 3 H, J; . 1.0 Hz, H;-8), 3.48-3.91 (m, 
5 H, H-5,7a,7b, 2 OH), 4.00-4.29 (m, 1 H, H-6), 4.86-5.10 (dd, 1 H, J; 45.5, J, ; 
5.5 Hz, H-4), and 6.25-6.35 (dd, 1 H, H-3). A portion of 17 (500 mg, 2.2 mmol) 
was dissolved in methanol (25 mL) and a catalytic amount of sodium methoxide 
added. After stirring for 20 min at 25°, the reaction was quenched by addition of 
1% methanolic HCl, the solvent evaporated, and the residue passed through a 
short chromatographic column. The product (500 mg, 100%) thus obtained was 
homogeneous on t.l.c. (H), but was shown to be a mixture of two compounds by 
'H-n.m.r., R, 0.49 (A), 0.43 (E); vS#s 3500 (OH) and 2253 cm~! (CN). 

First component: 'H-n.m.r. (220 MHz): 6 1.39 (s, 3 H, OCCH,), 1.40 (d, 3 
H, J,, 7.5 Hz, H,-8), 1.57 (s, 3 H, OCCH,), 2.72 (br.s, 1 H, OH), 3.12 (dq, 1 H, 
J, 35.5, Jz, 7.5 Hz, H-2), 3.69-3.80 (m, 1 H, H-7), 3.84—-3.98 (m, 2 H, H-3,7), 4.19 
(quint., 1 H, J;¢ 3.5, Jg7 3.5 Hz, H-6), 4.68 (dd, 1 H, J,; 6.6 Hz, H-4), and 4.02 
(dd, 1 H, H-S). 

Second component: 'H-n.m.r. (220 MHz): 6 1.38 (s, 3 H, OCCH,), 1.46 (d, 
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3 H, J, 7.5 Hz, H;-8), 1.57 (s, 3 H, OCCH;), 2.72 (br.s, 1 H, OH), 2.98 (dq, 1 H, 
J, ,5.5 Hz, H-2), 3.69-3.80 (m, 1 H, H-7), 3.84-3.98 (m, 2 H, H-3,7), 4.19 (quint., 
1 H, J; 63.5, Jg7 3.5 Hz, H-6), 4.53 (t, 1 H, J3.45.7, Jy 55.7 Hz, H-4), and 4.82 (dd, 
i H, H-5); m.s.: m/z 213 (M*+ + 1 — CH,), 212 (M* — CH,), and 196 (M* — 
OCH,). 

Equilibration of compounds 19 and 24. — The nitrile 19 (250 mg, 0.92 mmol; 
ratio of 2-epimers, 1:1) was dissolved in 0.3M sodium ethoxide in dry ethanol (25 
mL) and the solution was boiled under reflux for 4 h, after which the reaction was 
quenched with 1% methanolic HCl. The crude syrup from evaporation was 
chromatographed (£) to give two homogeneous fractions, each of which contained 
two components ('H-n.m.r.). The less polar component was identical to the starting 
material 19 and the more polar was the a anomer 24, in the ratio 1:4. 

a Anomer (24). R,, 0.34 (E), vO#C’ 3500 (OH) and 2225 cm~! (CN); 'H-n.m.r. 
(1:1 mixture; 220 MHz): 6 1.34 and 1.38 (s, 3 H, OCCH,), 1.50 and 1.40 (d, 3 H, 
J, 7.5 Hz, H;-8), 1.53 and 1.56 (s, 3 H, OCCH;), 2.04 and 2.30 (br.s, 1 H, OH), 
3.02 (m, 1 H, H-2), 3.59-3.77 (m, 2 H, H,-7), 4.03 and 4.08 (dd, 1 H, J, , 9.0, J; , 
4.0 Hz, H-3), 4.15 and 4.20 (t, 1 H, J, 75.0 Hz, H-6), 4.73-4.80 (m, 1 H, H-5), 4.68 
and 4.82 (dd, 1 H, J, ; 6.0 Hz, H-4). 

Anal. (h.r.m.s.): Cale. for C,jJH,,NO, (M* — CH,): 212.0922. Found: 
212.0921. 

Reaction of 13 with acetonylidenetriphenylphosphorane (21). — Reaction of 
13 (250 mg, 1.32 mmol) with 21 (700 mg, 2 mmol) under the standard Wittig reac- 
tions conditions was complete within 2 h. Although the product (280 mg, 97%) 
appeared homogeneous on t.l.c., 'H-n.m.r. showed it to be a mixture of 22 and 23 
in 7:3 ratio (integration of the isopropylidene methyl signals). 

4,7-Anhydro-1,3-dideoxy-5,6-O-isopropylidene-D-altro-oct-2-ulose (22). Ry 
0.34 (H); vo#Cs 3420 (OH) and 1715 cm! (ester C=Q); 'H-n.m.r. (220 MHz): 6 
1.33 (s, 3 H, OCCH,), 1.49 (s, 3 H, OCCH,), 2.20 (s, 3 H, H;-1), 2.87 (d, 2 H, J;, 
6.0 Hz, H,-3), 3.59 (d, 2 H, J; , 5.6 Hz, H,-8), 4.08 (t, 1 H, H-7), 4.37 (dt, 1 H, J, ; 
3.4 Hz, H-4), 4.65 (d, 1 H, J; , 6.3 Hz, H-6), and 4.75 (dd, 1 H, H-5). 

4,7-Anhydro-1 ,3-dideoxy-5,6-D-isopropylidene-D-allo-oct-2-ulose (23). Rr 
0.34 (F); vCHCs 3420 (OH) and 1715 cm! (ester); 'H-n.m.r. (220 MHz): 6 1.34 (s, 
3 H, OCCH,), 1.54 (s, 3 H, OCCH,), 2.20 (s, 3 H, H,-1), 2.68-2.85 (m, 2 H, H,-3), 
3.13 (br.s, 1 H, OH), 3.63 (dd, 1 H, Jg, , 12.0, J>.9, 3.9 Hz, H-8b), 3.76 (dd, 1 H, 
J; 3, 3.0 Hz, H-8a), 4.03 (ddd, 1 H, J, 4.0 Hz, H-7), 4.25 (ddd, 1 H, J, 4 7.0, J3, 
5.0, J,5 4.8 Hz, H-4), 4.43 (dd, 1 H, J;, 6.5 Hz, H-5), and 4.70 (dd, 1 H, H-6), 
m.s.: m/z 215 (M*+ — CH,), 199 (M*+ — OCH,), and 181 (M*+ — OCH, — H,QO). 

Equilibration of compounds 22 and 23. — A portion (230 mg, 0.92 mmol) of 
the isomeric uloses 22 and 23 was dissolved in methanol (50 mL), a catalytic amount 
of sodium methoxide added, and the solution stirred at room temperature. The 
ratio of 22 and 23 was determined periodically by removing an aliquot of the 
solution, neutralizing with 1% methanolic HCl, evaporation, and determination of 
the 'H-n.m.r. spectrum. Integration of the isopropylidene methyl signals was used 
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to determine the ratio of the isomers. After 0.5 h, the ratio of 23 to 22 was 4:1 and 
remained unchanged thereafter. 

Ethyl 5,9-anhydro-2,4-dideoxy-8,10-O-ethylidene-D-glycero-D-ido- (28) and 
-D-glycero-D-gulo-dec-3-ulosonate (29). — To a solution of triphenylphosphine (65 
g, 0.28 mol) in benzene (250 mL), was added ethyl 4-bromo-3-oxobutanoate"’ (52 
g, 0.33 mol) at such a rate that the temperature did not exceed 30°. After 18 h at 
room temperature, the precipitate was collected by filtration, washed with benzene, 
and dried (115 g, 97%). A portion of the salt (40 g, 95 mmol) was stirred vigorously 
in hot water (1.8 L), Na,CO, (15 g, 0.14 mol) added, and the resulting suspension 
stirred at room temperature for 12 h. The solid material (26) was collected by filtra- 
tion, washed with water, and dried under vacuum (27 g, 83%). 4,6-O-Ethylidene-p- 
glucopyranose!> (25; 5 g, 14 mmol) was dissolved in acetonitrile (50 mL), the phos- 
phorane 26 (8 g, 20 mmol) added, and the solution boiled under reflux for 72 h, 
when t.l.c. (F) indicated that the reaction was complete. The solvent was removed 
and the residue partitioned between dichloromethane and water. Evaporation of 
the organic extract afforded a brown syrup, a portion of which was purified by 
column chromatography for characterization. Two successive silica gel columns 
(93:7 dichloromethane—methanol) gave 29 (105 mg) and 28 (100 mg) as oils. 

Compound 29. R, 0.65 (F), [a]f?_ +34.6° (c 2.23, chloroform); vilm 3450 
(OH), 1735 (ester C=O), and 1715 cm! (ketone C=O); 'H-n.m.r. (600 MHz): 6 
1.1-1.5 (m, 5 H, CH,CH,); the rest of the spectrum was too complex for definitive 
assignments to be made. 

Anal. Calc. for C,,H,,Og: C, 52.83; H, 6.97. Found: C, 53.02; H, 6.82. 

Compound 28. [a]fi* —28.9° (c 0.47, chloroform), R, 0.61 (F); vilm 3480 
(OH), 1750 (ester C=O), and 1730 cm~! (ketone C=Q); 'H-n.m.r. (600 MHz): 6 
1.27 (t, 3 H, Jon cu, 6.10 Hz, CH;CH)), 1.35 (d, 3 H, Joy cy 4-28 Hz, CH3CH), 
2.75 (dd, 1 H, Jy 5 7.35, Jyq 4 15.92 Hz, H-4a), 3.01 (dd, 1 H, Jy, ; 3.67 Hz, H-4b), 
3.23 (dd, 1 H, J;, and J, , 9.80 Hz, H-8), 3.32 (ddd, 1 H, Jo 19, 9.80, Jo iq, 3.68 Hz, 
H-9), 3.34 (dd, 1 H, J, 7 9.18 Hz, H-7), 3.42 (dd, 1 H, Jio, iq, 9-80 Hz, H-10a), 3.48 
(d, 1 H, J,, , 15.30 Hz, H-2a), 3.52 (d, 1 H, H-2b), 3.68 (dd, 1 H, J; 8.57 Hz, 
H-6), 3.83 (ddd, 1 H, H-5), 4.10 (dd, 1 H, H-10b), 4.19 (q, 2 H, CH,CH,), and 
4.70 (q, 1 H, CHCH,); the assignments for H-3 and H-4 may be reversed. 

Anal. Calc. for C,,H,,Og: C, 52.83; H, 6.97. Found: C, 52.69; H, 6.96. 

Ethyl 5,9-anhydro-2,4-dideoxy-D-glycero-D-ido- (31) and -D-glycero-D-gulo- 
dec-3-ulosonate 32. — The crude reaction mixture containing 28 and 29 was 
dissolved in a mixture of ethanol (250 mL) and 5% (v/v) aqueous H,SO, (24 mL), 
and the solution boiled under reflux for 4 h, when t.l.c. (G) indicated that the 
reaction was complete. The mixture was made neutral with NaHCO, and extracted 
with dichloromethane to remove triphenylphosphine oxide. The aqueous layer was 
evaporated to dryness and the residue leached repeatedly with ethanol. Evapora- 
tion of the ethanol solution gave a yellow oil (3.5 g, 82% from 25). Column 
chromatography (G) afforded 31 as a clear oil, [a]%*> +5.7° (c 0.42, methanol), R, 
0.50 (G); vt! 3400 (OH) and 1720 cm~! (ester and ketone C=O); 'H-n.m.r. (60 


max 
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MHz, D,O, external Me,Si): 6 1.25 (t, 3H, Jon cy, 6 Hz, CH3;CH),), 2.1-3.7 (m, 9 
H, H-5,6,7,8,9,10a,10b,4a,4b), and 4.0 (1, 2 H, CH,CH,). 
Anal. Calc. for C,;,H,),O0,: C, 49.31; H, 6.90. Found: C, 49.03; H, 6.80. 
Further chromatography afforded 32, a pale yellow oil, [a]f*> +9.1° (c 0.47, 
methanol), R,; 0.20 (G); vt! 3420 (OH) and 1715 cm™! (ester and ketone C=O); 


max 


'H-n.m.r. (60 MHz, D,O, external Me,Si): 6 1.25 (t, 3 H, Jew cH, 6 Hz, CH;CH)), 
2.1-3.7 (m, 9 H, H-5,6,7,8,9,10a,10b,4a,4b), and 4.0 (q, 2 H, CH,CH,). 

Anal. Calc. for C,,H Ox: C, 49.31; H, 6.90. Found: C, 50.05; H, 7.14. 

Ethyl 5,9-anhydro-2, 4-dideoxy-10-O-triphenylmethyl-D-glycero-D-gulo- and D- 
ido-dec-3-ulosonate (33). — A mixture of the tetrols 31 and 32 (1.331 g, 4.60 mmol) 
was dissolved in dry pyridine (50 mL) and treated with chlorotriphenylmethane 
(1.40 g, 5.03 mmol) for two days at room temperature. The mixture was poured 
into water and extracted with dichloromethane. After washing, drying, concentra- 
tion, and purification by column chromatography (F), a mixture was obtained as a 
clear oil (1.2 g, 50%), R; 0.53 and 0.44 (F); vi!m 3400 (OH), 1740 (ester C=O), and 


1720 cm~! (ketone C=O); 'H-n.m.r. (80 MHz): 6 1.15 (t, 3 H, Jon cu, 7 Hz, 

CH,CH,), 2.5—3.0 (m, 2 H, H-4a,4b), 3.0-3.8 (m, 9 H, H-5,6,7,8,9,10a,10b,4a,4b), 

3.84.4 (br.s, 3 H, 3 OH), 4.15 (gq, 2 H, CH,CH,), and 7.1—7.6 (m, 15 H, arom.). 
Anal. Calc. for C3,H3,0,: C, 69.65; H, 6.41. Found: C, 69.38; H, 6.39. 
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ABSTRACT 


Various sugars were C-glycosylated by treatment with methylenetriphenyl- 
phosphorane and subsequent iodocyclization of the resulting hept- and hex-enitols. 
In all cases, a C-glycofuranosyl compound was obtained, except for 3,4,5,7-tetra-O- 
benzyl-1,2-dideoxy-D-manno-hept-1-enitol which yielded a C-pyranosyl compound. 
High stereoselection, with formation of the 1,2-cis adduct as major product, was 
observed when an asymmetric center was present in the position adjacent to the 


double bond. 


INTRODUCTION 


C-Glycosyl compounds have recently gained interest as building blocks for the 
synthesis of a large number of natural products’ and as potential inhibitors of me- 
tabolic processes” *. A two-step procedure to obtain the C-glycosyl compounds 3, 
first employed by Orhui ef a/.’, involves the formation of an unsaturated, open- 
chain derivative 2, followed by cyclization. For the first step, stabilized Wittig 


reagents’ '' or methylenetriphenylphosphorane* ”''7:'? have been employed. The 


subsequent cyclization of the unsaturated derivative 2 may occur through a Michael 
reaction by treatment with bases or, sometimes spontaneously, when stabilized ylids 
are employed; a mixture of the two anomers is generally formed’. In 1981, Pougny ef 
al.'* introduced activation of the double bond with an electrophile, which represents 
a more general procedure and, in addition, allows better stereocontrol’*!*-'’. Our 
recent studies'*? on the stereochemistry of the mercuriocyclization of some poly- 
benzylated enitols have shown that the stereochemical course of the reaction is 
largely dependent on the configuration at the carbon atom adjacent to the carbonyl 
group of the starting sugar. We report herein our results on the iodocyclization of 
some hept- and hex-enitols, which differ to some extent from those obtained in the 


*To whom correspondence should be addressed. 
'For some exceptions, see ref. 11 and 14. 
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mercury-promoted ring closure. 

RESULTS AND DISCUSSION 


The Wittig reactions took place at room temperature in oxolane- 
N,N,N’,N’,N”,N”-hexamethylphosphoric triamide [(CH2)4O0-(Me2N),;PO] by 
adding a solution of the sugar (1 equiv.) to the ylid prepared from methyltriphenyl- 
phosphonium iodide (5 equiv.) and 1.6M butyllithium in hexane (5 equiv.), under a 
dry nitrogen atmosphere. The presence of (Me2N)3PO, in some cases, enchanced the 
rate of the reaction (6, Table I) and allowed better yields (6, 9, and 12). However, 
with 2,3,4,6-tetra-O-benzyl-p-glucose, the above-mentioned conditions led to an 
elimination reaction, affording 3,5,7-tri-O-benzyl-1,2,4-trideoxy-D-erythro-hepta- 
1,3-dienitol (5) in 80% yield. The desired 3,4,5,7-tetra-O-benzyl-1,2-deoxy-D-g/uco- 
hept-l-enitol (4) could be obtained in 54% yield with the procedure previously 
described’?. 

First of all, we performed the iodocyclization on the glucopheptenitol 4; under 


Barlett ef al/.'® cynetic conditions (iodine, sodium hydrogencarbonate, and acetoni- 
trile) or with N-iodosuccinimide, the double bond was unreactive*, whereas, under 


TABLE I 


SYNTHESIS OF HEPT- AND HEX-ENITOLS BY WITTIG REACTION WITH METHYLENETRIPHENYLPHOSPHO- 
RANE. 





Compound Solvent Ylid (equiv.) Conditions* Yield 


formed % 
Temp.* Time (h) 








54 
79 
24 
27 
70 
10 
4] 
45 
21 
59 


4° (CH2)40 
5 (CH2)40-(Me2N)3,PO 
6° (CH2)4O0 
6 (CH>)40-(Me2N);,PO 
7 (CH>)40-(Me2N),PO 
9” (CH2)40 
9 (CH)40-(Me2N);PO 
10 and 11 (CH2)40-(Me2N);PO 
12” (CH2)40 
12 (CH2)40-(Me2N)3,;PO 


Mma UnAanAaA AN AN 
a 





| 
| 





“R t., room temperature. ’Ref. 13. 


*This double bond also showed no reactivity towards several epoxidizing reagents, such as 3-chloro- 
peroxybenzoic acid, hydrogen peroxide-acetonitrile, and trifluoroperoxyacetic acid. 
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1 
10 R 
1 
11 R 
‘ 
12 R 


slightly acidic conditions’? (pH 4, oxolane-water), the compound underwent ring 
closure to give the C-furanosyl derivative 13 (Table II) with concomitant debenzyl- 
ation at O-5. When other hex- and hept-enitols were subjected to the last-mentioned 
acidic conditions, in almost all the cases the adduct was a C-furanosyl compound, 
the only exception being the D-manno-heptenitol 6 (Table II). When an asymmetric 
carbon atom was present at the allylic position (4, 6, 7, 8, and 9; Table I), the 
reaction showed a high stereoselection, always yielding the 1,2-cis adduct as the 
major or sole product. When the allylic position was unsubstituted, (10, 11, and 12; 
Table II), almost the same amount of the two anomers was obtained. 


TABLE II 





REACTION OF HEPT- AND HEX-ENITOLS WITH IODINE” 





Starting Resulting Yield (%) 
compound compound(s) 





13 75 
6 14 and 15 41:9 (B:a) 42 

17 70 
8 17 78 
9 18 and 19 17:3 (a:8) 67 
10 20 and 23 13:7 (B:a) 72 
11 21 and 24 21:29 (B:a) 50 
12 22 and 25 49:51 (B:a) 55 





“Three equivalents of iodine in oxolane-water at pH 4. 








52 F. NICOTRA, L. PANZA, F. RONCHETTI, G. RUSSO, L. TOMA 


B Bn 
Bn B 
7 I 
* => A 
8 " a 
Bnc B 
OBn 
13 14 5 16 
Bno. Bno, I RO, ROL 
4 ) ) ) te 
Nie ee A ee A 
| ; 
OB | | | | ) I 
\ _——— of Bn OBn Bn OBn R ° 
OBn 
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From a stereochemical point of view, these results are analogous to those 
obtained when a mercury salt was utilized as promoter of the cyclization; the stereo- 
chemistry of the addition of the electrophile showed to be the same, a 1,2-cis re- 
lationship being obtained in both cases. The stereochemical results may be explained 
by assuming that the reactive conformations of the enitols are 26 and 27, in which 
the allylic oxygen atom lies on about the same plane as that of the double bond, 
and the electrophile approaches the molecule from the less hindered side. 


26 27 


On the contrary, iodocyclization is quite different from mercuriocyclization 
with respect to the ring-size of the adducts obtained. Whereas, in the latter case, the 
free hydroxyl group is the only nucleophile that can promote the internal substi- 
tution on the intermediate cation, in the former case, either the hydroxyl or the 
benzyloxy group can cyclize to yield, in all the cases but one, a furanosyl derivative. 
The formation of five-membered rings is always preferred over that of six-member- 
ed rings; the only exception observed, the formation of a pyranosyl compound from 
the D-manno-heptenitol 6, may be explained by the overcrowding of a transition 
state which yields a tetrasubstituted-oxolane ring (16) with three 1,2-cis inter- 
actions’. The difference between the factors that determine the ring-size during the 
closure can be exploited in order to obtain, from the same enitol, either a C-glyco- 
pyranosyl or a C-glycofuranosyl compound only by choosing the proper elec- 
trophile; for example, compound 4 gave by treatment with mercury(II) acetate’* and 
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iodine, respectively, a six-membered’’ and a five-membered ring. So iodocyclization 
and mercuriocyclization can become complemental in control of the ring-size. 


EXPERIMENTAL 


General methods. — Optical rotations were measured with a Perkin-Elmer 
241 polarimeter. Analytical t.l.c. was carried out on Merck 60 F254 Silica gel plates 
(0.25-mm layer thickness) and the spots were detected either by a u.v. lamp or by 
spraying with 50% aqueous H,SO, and heating at 110° for 5 min. Column chroma- 
tography was performed with Merck 60 Silica gel (70-230 mesh) and elution with 
mixtures of hexane-ethyl acetate of various compositions. 'H-N.m.r. spectra were 
recorded with a Briiker WP-80 or with a Varian XL-200 spectrometer, and '°C- 
n.m.r. spectra with a Varian XL-100 spectrometer for solutions in CDCI, containing 
tetramethylsilane as an internal standard. ” Processing” refers to dilution with water, 
extraction with an organic solvent, washing to neutrality, drying (Na ,SOx,), 
filtration, and evaporation under reduced pressure. 

(2,3,6-Tri-O-benzyl-a-D-glucofuranosyl)jiodomethane (13). — 3,4,5,7-Tetra- 
O-benzyl-1,2,-dideoxy-p-g/uco-hept-1-enitol'* (4; 114 mg, 0.21 mmol) was dissolved 
in oxolane (0.2 mL) and 0.5M (pH 4.0) phtalate buffer (1 mL) was added. A 
solution of I, (161 mg, 0.63 mmol) in oxolane (0.8 mL) was slowly added to the 
rapidly stirred mixture. After 1 h, the excess of I, was eliminated with aqueous 
Na»SO; and processing afforded a crude product that was chromatographed to yield 
13 (91 mg, 75%), oil, [a]7y —33° (c 1.0, chloroform); 'H-n.m.r. (200 MHz): 6 2.6 
(bd, 1 H, J4 Hz, OH), 3.21 and 3.31 (2 H, AB part of an ABX system, J;', 1, 9.5, 
Jira. 5.5, and Jjp,; 10 Hz, CH2]), 3.4-3.8 (m, 2 H, H-6a, 6b), 4.0-4.2 (m, 4 H, 
H-2,3,4,5), 4.43 (ddd, 1 H, J;.. 3.5 Hz, H-1), 4.5-4.6 (m, 6 H, CH>2Ph), and 7.2-7.4 
(m, 15 H, Ph); '°C-n.m.r. (100 MHz) 6: 1.2 (CH2I). 

Anal. Calc. for C23H3,;10O;: C, 58.54; H, 5.44. Found: C, 58.14; H, 5.56. 

3,4,5,7-Tetra-O-benzyl-1,2-dideoxy-D-manno-hept-l-enitol (6). — A 1.6M 
hexane solution of butyllitium (8.47 mL, 13.6 mmol) was slowly added to a solution 
of methyltriphenylphosphonium iodide (5.84 g, 13.6 mmol) in dry oxolane (17 mL) 
under N>; dry (Me2N)3PO (2.4 mL) was then added, followed by the slow addition 
of a solution of 2,3,4,6-tetra-O-benzyl-p-mannopyranose (1.46 g, 0.271 mmol) in 
oxolane (5.4 mL) and (Me,N)3;PO (7.2 mL). After 2.5 h, a saturated aqueous 
solution of NH4Cl was added, followed by processing. The crude product was 
submitted to column chromatography to yield 6 (394 mg, 27%). 

Anal. Calc. for C3;H3g0;: C, 78.04; H, 7.11. Found: C, 77.70; H, 6.99. 

(2,3,4,6-Tetra-O-benzyl-8-b-mannopyranosyl)iodomethane (14) and (2,3,4,6- 
tetra-O-benzyl-a-D-mannopyranosyljiodomethane (15). — 3,4,5,7-Tetra-O-benzyl- 
1 ,2-dideoxy-D-manno-hept-1l-enitol (6) (120 mg, 0.22 mmol) was iodocyclized ac- 
cording to the aforementioned procedure for 3 h. Processing afforded a crude 
product (110 mg) which was chromatographed on a silica gel column. The main 
product (63 mg, 42%) was obtained as a mixture of the B- and a- anomer (14 and 15) 
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in a 41:9 ratio. They were separated by careful chromatography on silica gel in 99:1 
benzene-ethyl acetate. 

Compound 14. [a]j~ —2° (c 1.1, chloroform); 'H-n.m.r. (200 MHz): 5 3.30 
(d, 2H, J 7 Hz, CHzI), 3.49 (ddd, 1 H, Js.6a 2, Js.6h 5.5, and J4,5 9.5 Hz, H-5), 3.55 
(dt, 1 H, J;.2 1 Hz, H-1), 3.63 (dd, 1 H, J2.3 2.5, J3,4 9.5 Hz, H-3), 3.67 and 3.77 (2 
H, AB part of an ABX system, J6a.6, 11 Hz, H-6a,6b), 3.91 (t, 1 H, J 9.5 Hz, H-4), 
4.21 (dd, 1 H, H-2), 4.5-5.1 (8 H, m, CA>Ph), and 7.1-7.4 (m, 20 H, Ph); 
'C-n.m.r. (100 MHz): 6 3.2 (CH2I). 

Anal. Calc. for C3;H3710;: C, 63.26; H, 5.61. Found: C, 63.33; H, 5.50. 

Compound 15. [a]j’ + 11° (c 0.9, chloroform); 'H-n.m.r. (200 MHz): 6 3.34 
and 3.41 (2 H, AB part of an ABX system, Jja.175 10.5, Jira.) 5.5 Jiry.1 4 Hz), 
3.6-4.4 (m, 7 H, H-1,2,3,4,5,6a,6b), 4.4-4.6 (m, 8 H, CH>Ph), and 7.1-7.4 (m, 20 
H, Ph); '°C- (100 MHz): 5 7.0 (CHI). 

Anal. Calc. for C3;H3710;: C, 63.26; H, 5.61. Found: C, 63.01; H, 5.42. 

3,4,6, 7-Tetra-O-benzyl-1,2-dideoxy-b-galacto-hept-l-enitol (7). — 2,3,5,6- 
Tetra-O-benzyl-p-galactofuranose (1.22 g, 0.226 mmol) was subjected to the Wittig 
reaction according to the aforementioned conditions for 1.5 h. Column chromato- 
graphy of the crude product yielded 7 (851 mg, 70%), oil, [a] —20° (c 1.1, chloro- 
form); 'H-n.m.r. (80 MHz): 6 2.97 (d, 1 H, J 6.5 Hz, OH), 3.5-4.0 (m, 5 H, 
H-4,5,6,7a,7b), 4.20 (ddt, 1 H, J2.3 7, J3.4 3, J3.1a, J3.15 1 Hz, H-3), 4.3-4.9 (m, 8 
H, CH>Ph), 5.31 and 5.33 (2 H, AB part of an ABMXY system, Jia. 1p 2.5, Jia.2 10, 
Ji».2 18 Hz, H-1la,1b), 6.02 (ddd, 1 H, H-2), and 7.1-7.4 (m, 20 H, Ph). 

Anal. Calc. for C3;H3g0;: C, 78.04; H, 7.11. Found: C, 78.29; H, 7.03. 

3,4,5,6, 7-Penta-O-benzyl-1,2-dideoxy-bD-galacto-hept-l-enitol (8). — NaH 
(55%, oil dispersion; 49 mg, 1.12 mmol) was washed three times with dry ethyl 
ether and dissolved into N,N-dimethylformamide (1.3 mL) under N». Compound 7 
(404 mg, 0.75 mmol), dissolved in N,N-dimethylformamide (1 mL), was added and 
the mixture stirred for 1 h at room temperature and 1 h at 50°. The solution was 
cooled to room temperature and benzyl bromide (0.11 mL, 0.92 mmol) added. After 
18 h, a saturated solution of NH,4Cl was added and the crude product obtained after 
processing was chromatographed on silica gel and eluted with 99:1 benzene-ethyl 
acetate to yield 3,5,6,7-tetra-O-benzyl-1 ,2,4-trideoxy-b-threo-hepta-1 ,3-dienitol (90 
mg, 23%) and 8 (206 mg, 44%), [a]f’ + 4° (c 1.1, chloroform); 'H-n.m.r. (80 MHz): 
6 3.6-4.0 (m, 5 H, H-4,5,6,7a,7b), 4.12 (ddt, 1 H, Jo.3 7.5, J3.4 3, Jz.1a, J3.15 1 Hz, 
H-3), 4.3-4.9 (m, 10 H, CH>Ph), 5.24 and 5.31 (2 H, AB part of an ABMXY 
system, Jjaip 2-5, Jia2 10, Jip.2 17.5 Hz, H-la,lb), 5.97 (ddd, 1 H, H-2), and 
7.1-7.5 m, 25 H, Ph). 

Anal. Calc. for C4s2H440;: C, 80.23; H, 7.05. Found: C, 79.85; H, 6.90. 

(2,3,5,6-Tetra-O-benzyl-a-D-galactofuranosyl)iodomethane (17). — (a) From 
7. Compound 7 (112 mg, 0.21 mmol) was iodocyclized according the usual proce- 
dure for 40 min to yield, after chromatography, 17 (97 mg, 70%), oil, [a]7” — 39° (c 
1.0, chloroform); 'H-n.m.r. (200 MHz): 6 3.29 and 3.34 (2 H, AB part of an ABX 
system, Jjaib 9-5, Jia.) 6.5, Jib,1 8 Hz, CHI), 3.56 and 3.63 (2 H, AB part of an 
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ABX system, J6éa6b 10, Jéa.s 6, Jev.s 4 Hz, H-6a,6b), 3.77 (ddd, 1 H, Js.5 5.5 Hz, 
H-5), 4.01 (dd, 1 H, J; 2 4, J2.3 0.5 Hz, H-2), 4.06 (dd, 1 H, J3.4 3.5, H-3), 4.13 (dd, 1 
H, H-4), 4.26 (ddd, 1 H, H-1), 4.35-4.8 (m, 8 H, CH>Ph), and 7.1-7.4 (m, 20 H, 
Ph); '°C-n.m.r. (100 mHz): 6 0.5 (CH3I). 

Anal. Calc. for C3;H3710;: C, 63.26; H, 5.61. Found: C, 62.85; H, 5.70. 

(b) From 8. Compound 8 (53 mg, 84 nmol) was iodocyclized according to the 
usual procedure for 40 min to yield a compound (47 mg, 78%) indistinguishable 
from 17, described under (a). 

(2,3,5-Tri-O-benzyl-a-b-ribofuranosyljiodomethane (18) and (2,3,5-tri-O-ben- 
zyl-B-p-ribofuranosyl)jiodomethane (19). — 3,4,6-Tri-O-benzyl-1,2,-dideoxy-D-ribo- 
hex-1-enitol (9) (107 mg, 0.256 mmol) was iodocylcized (reaction time; | h) to yield, 
after column chromatography, 18 (79 mg) and 19 (14 mg) (67% overall yield). 

Compound 18. [a]7) +13° (c 1.0, chloroform); 'H-n.m.r. (200 MHz); 6 3.33 
and 3.44 (2 H, AB part of an ABX system, Jj'4 1) 9.5, Jira.) 6.5, Jivy., 8 Hz, CH ol), 
3.49 and 3.61 (2 H, AB part of an ABX system, Jsa.sp 11, Jsa.4 4, Jsp.4 3 Hz, H- 
5a,5b), 4.10 (dd, 1 H, J2.3 4, J3.4 7 Hz, H-3), 4.20 (t, 1 H, J/4 Hz, H-2), 4.26 (ddd, 1 
H, H-4), 4.32 (ddd, 1 H, H-1), 4.4-4.9 (m, 6 H, CH>Ph), and 7.1-7.4 (m, 15 H, Ph); 
'3C-n.m.r. (100 MHz): 5 3.6 (CHz3l). 

Anal. Calc. for Co7H 9104: C, 59.57; H, 5.37. Found: C, 59.62; H, 4.98. 

Compound 19. [a]j’ —6° (c 0.5, chloroform); 'H-n.m.r. (200 MHz): 6 3.24 
and 3.29 (2 H, AB part of an ABX system, J} 1» 10.5, Jira. 5; Jiry.) 5 Hz, CH ol), 
3.52 (d, 2H, J 4.5 Hz, H-Sa,5b), 3.75 (t, 1 H, J 5 Hz, H-3 or -2), 3.94 (t, 1 H, J 5 Hz, 
H-2 or -3), 3.95 (q, 1 H, J 5 Hz, H-4 or -1), 4.25 (q, 1 H, H-1 or -4), 4.4-4.7 (m, 6 H, 
CH,Ph), and 7.1-7.4 (m, 15 Hz, Ph); '°C-n.m.r. (100 MHz): 6 7.8 (CH3I). 

Anal. Calc. for Cs7H29I104: C, 59.57; H, 5.37. Found: C, 59.70; H, 5.20. 

4,6-Di-O-benzyl-1,2,3-trideoxy-b-erythro-hex-/]-enitol (10) and 4,5-di-O-ben- 
zyl-1,2,3-trideoxy-b-erythro-hex-]-enitol (11). — A 1:2 mixture (700 mg) of 3,5-di- 
O-benzyl-2-deoxy-b-erythro-pentose and 3,4-di-O-benzyl-2-deoxy-D-erythro-pen- 
tose were treated with methylenetriphenylphosphorane under the conditions just 
described for 3 h to yield after chromatography, 10 (104 mg) and 11 (209 mg) (45% 
overall yield). 

Compound 10. lal + 25° (¢c 1.0, chloroform); 'H-n.m.r. (80 MHz): 6 2.36 
(d, 1 H, J 4.5 Hz, OH), 2.42 (bt, 2 H, J 7 Hz, H-3), 3.4-3.7 (m, 3 H, H-4,6a,6b), 
4.88 (m, 1 H, H-5), 4.4-4.8 (m, 4 H, CH>Ph), 5.0-5.3 (m, 2 H, H-1la,1b), 5.92 (ddt, 
1 H, Jo.3 7, Jia.2 10, Jiy.2 17 Hz, H-2), and 7.1-7.4 (m, 10 H, Ph). 

Anal. Calc. for Cr9H2403: C, 76.89; H, 7.74. Found: C, 77.03; H, 7.61. 

Compound 11. [a]j, +7° (c 0.8, chloroform); 'H-n.m.r. (80 MHz): 6 2.18 (bt, 
1 H, J 6 Hz, OH), 2.44 (bt, 2 H, J 6.5 Hz, H-3), 3.4-3.9 (m, 4 H, H-4,5,6a,6b), 
4.4-4.8 (m, 4H, CH>Ph), 5.0-5.3 (m, 2 H, H-la,1b), 5.87 (ddt, 1 H, J2.3,7 Jja.2 9.5, 
Jiv.2 17 Hz, H-2), and 7.1-7.4 (m, 10 H, Ph). 

Anal, Calc. for Co9H2403: C, 76.89; H, 7.74. Found: C, 76.90; H, 7.40. 

(3,5-Di-O-benzyl-2-deoxy-B-b-erythro-pentofuranosyljiodomethane (20) and 
(3,5-di-O-benzyl-2-deoxy-a-D-erythro-pentofuranosyl)iodomethane (23). — Com- 
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pound 10 (80 mg, 0.255 mmol) was iodocyclized for 2 h to yield, after column 
chromatography on silica gel and elution with 99:1 benzene-ethyl acetate, 20 (52 
mg) and 23 (28 mg) (72% overall yield). 

Compound 20 (higher Ry). [a]f’ + 11° (c 1.0, chloroform); 'H- (200 MHz): 6 
2.06 (ddd, 1 H, Joa; 4.5, Joa.2n 13.5, Joa.3 4. Hz, H-2a), 2.33 (ddd, 1 H, Joy; 7, Jov.3 
6.5 Hz, H-2b), 3.33 and 3.35 (2 H, AB part of an ABX system, Jj4 1» 10, Ji.1'4 8, 
Ji.1'» 6.5 Hz, H-1’a,1'b), 3.46 and 3.49 (2 H, AB part of an ABX system, Js, 5, 10 
Hz, Jsa.4 5, Jsp.4 4.5 Hz, H-5a,5b), 4.05-4.15 (m, 2 H, H-3,4), 4.33 (dddd, 1 H, 
H-1), 4.4-4.7 (m, 4 H, CH>Ph), and 7.30 (s, 10 H, Ph). 

Anal. Calc. for Co9H23103: C, 54.81; H, 5.29. Found: C, 54.54; H, 5.06. 

Compound 23 (lower Ry). [aly +27° (c 1.1, chloroform); 'H-n.m.r. (200 
MHz): 6 1.76 (ddd, 1 H, Joa; 9.5, Joa.2mH 13.5, J2a.3 6.5 Hz, H-2a), 2.21 (ddd, 1 H, 
Jxp.1 5.5, Joy.3 2 Hz, H-2b), 3.24 and 3.30 (2 H, AB part of an ABX system, Jj'4.1'5 
10, Jira 6.5, Jip» 5 Hz, H-1’a,1'b), 3.46 and 3.54 (2 H, AB part of an ABX 
system, Js, sp 10 Hz, Jsa.4 5.5, Jsp.4 5 Hz, H-5a,5b), 4.05-4.3 (m, 3 H, H-13,4), 4.50 
and 4.55 (2s, 4 H, CH»2Ph), and 7.30 (s, 10 H, Ph). 

Anal. Calc. for CopH3103: C, 54.81; H, 5.29. Found: C, 54.66; H, 5.15. 

(3-O-Benzyl-2-deoxy-a-D-erythro-pentofuranosyl)iodomethane (24) and (3-O- 
Benzyl-2-deoxy-8-b-erythro-pentofuranosyljiodomethane (21). — Compound 11 
(130 mg, 0.414 mmol) was iodocyclized for 2 h to yield, after column chromato- 
graphy, 24 (42 mg) and 21 (30 mg) (50% overall yield). 

Compound 24 (higher Ry). [a] +18° (c 0.5, chloroform); 'H-n.m.r. (200 
MHz): 6 1.79 (ddd, 1 H, Joa; 9.5, Joa.2y 13.5, and J2,.3 6.5 Hz, H-2a), 1.9 (m, 1 H, 
OH), 2.14 (ddd, 1 H, Jo,.; 5.5, Joy.3 2 Hz, H-2b), 3.32 and 3.43 (2 H, AB part of an 
ABX system, Jya.i'b 10.5, Jira 4, Jt.1') 5 Hz, H-1’a,1’b), 3.58 and 3.78 (m, 2 H, 
after DO addition, the signal becomes the AB part of an ABX system, Js, 5, 9.5 
Hz, Jsa.4 3.5, Jsp.4 4.5 Hz, H-5a,5b), 3.96 (dddd, 1 H, H-1), 4.05-4.2 (m, 2 H, 
H-3,4), 4.49 and 4.53 (2 H, ABgq, J 11.5 Hz, CH>Ph), and 7.32 (s, 5 H, Ph). 

Anal. Calc. for C;3H;7I103: C, 44.85; H, 4.92. Found: C, 44.95; H, 4.83. 

Compound 21 (lower Rg). lal” +9° (c 0.5, chloroform); 'H-n.m.r. (200 
MHz): 6 1.9 (m, 1 H, OH), 2.06 (ddd, 1 H, Joa.) 4.5, Joa.rm 13.5, Joa.3 4.5 Hz, H-2a), 
2.32 (ddd, 1 H, Joy.) 6.5, Joy.3 6.5 Hz, H-2b), 3.3-3.8 (m, 4 H, H-1'a,1’b,5a,5b), 
4.0-4.4 (m, 3 H, H-1, 3,4), 4.52 (s, 2 H, CH>Ph), and 7.30 (s, 5 H, Ph). 

Anal. Calc. for C;3H;7103: C, 44.85; H, 4.92. Found: C, 45.28; H, 4.79. 

1,2,3-Trideoxy-6-O-triphenylmethyl-p-erythro-hex-]-enitol (12). — 2-Deoxy- 
5-O-triphenylmethyl-p-erythro-pentose (438 mg) was treated with methylenetri- 
phenylphosphorane under the aforementioned conditions for 4 h to yield 12 (256 
mg, 59%). 

Anal. Calc. for C;H2.03: C, 80.18; H, 7.00. Found: C, 79.81; H, 6.89. 

(2-Deoxy-5-O-triphenylmethyl-G-p-erythro-pentofuranosyljiodomethane (22) 
and (2-deoxy-5-O-triphenylmethyl-a-b-erythro-pentofuranosyljiodomethane (25). 
— Compound 12 (165 mg) was iodocyclized for 2 h to yield, after chromatography, 
22 (60 mg) and 25 (62 mg) (55% overall yield). 
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Compound 22 (higher Ry). [a]p’ —3° (c 1.0, chloroform); 'H-n.m.r. (200 
MHz): 6 1.85 (ddd, 1 H, Joa; 6, Joa.2H 13.5, Joa.3 5 Hz, H-2a), 2.34 (ddd, 1 H, Jr, | 
6.5, Joy.3 7 Hz, H-2b), 2.0 (m, 1 H, OH), 3.12 and 3.25 (2 H, AB part of an ABX 
system, Js5:a.5'ph 10, J5:a.4 6, Js'b.4 4 Hz, H-Sa,5b), 3.34 and 3.38 (2 H, AB part of an 
ABX system, Jj:a.1'5 10, Ji.1'a 6, J1.1'» 6.5 Hz, H-1'a,1’b), 4.09 (ddd, 1 H, J3.44 Hz, 
H-4), 4.26 (dddd, 1 H, H-1), 4.36 (m, 1 H, after DO exchange the signal becomes a 
ddd, H-3), and 7.2-7.5 (m, 15 H, Ph). 

Anal. Calc. for Cs;H2;5103: C, 60.01; H, 5.04. Found: C, 59.75; H, 4.92. 

Compound 25 (lower Rr). [aly + 12° (c 1.0, chloroform); 'H-n.m.r. (200 
MHz): 6 1.86 (ddd, 1 H, Joa; 9.5, Joa.2H 13.5, J2a.3 6.5 Hz, H-2a), 2.07 (ddd, 1 H, 
Jxy.; 6.5, Joy.3 3 Hz, H-2b), 3.14 and 3.28 (2 H, AB part of an ABX system, Jj'4.1'p 
10, Jha 6, Jt.1°» 5 Hz, H-1’a,1'b), 3.23 and 3.29 (2 H, AB part of an ABX system, 
Jsa.sb 10, Jsa.4 7, Jsvb.4 5 H, H-5a,5b), 4.00 (ddd, 1 H, J3,4 3 Hz, H-4), 4.22 (dddd, 1 
H, H-1), 4.35 (m, 1 H, after D,O exchange the signal becomes a ddd, H-3), and 
7.2-7.5 (m, 15 H, Ph). 

Anal. Calc. for Css;H»;103: C, 60.01; H, 5.04. Found: C, 59.63; H, 4.84. 
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ABSTRACT 


C-Glucosylation of oxysubstituted benzene derivatives with O-a-D-gluco- 
pyranosyl trichloroacetimidate gave mainly B-D-glucopyranosylarenes. The most 
efficient catalysts were diethyl ether - boron trifluoride, diethyl ether - zinc chloride, 
and zinc chloride. The reaction was successful with fully and partially O-protected 
phloroglucinols and it was also compatible with an additional C-alkyl substituent. 
Introduction of an electron-withdrawing, C-acetyl substituent into the phloro- 
glucinol structure lowered the reactivity. The reaction could be extended to 1,2,3- 
and 1,2,4-trioxysubstituted benzene derivatives to give the bergenin derivative 
(3R,4R,4aR,10bS)-3 ,4-diacetoxy-2-acetoxymethyltetrahydropyrano|5 ,6-C]-3 ,4-di- 
hydroisocoumarin via an intramolecular version of this reaction. O-Protected re- 
sorcinols and C-substituted derivatives of dioxysubstituted benzenes gave various 
4-C-glucosyl-benzene and chroman derivatives. An anomeric mixture of C-glucosyl 
derivative of anthrone was obtained from 9-trimethylsilyloxyanthracene (as a 
monoxysubstituted benzene derivative). The pure B-D anomer was synthesized 
from the O-acylated trichloroacetimidate. 


INTRODUCTION 


C-Glycosylarenes, and amongst these especially C-glucosylarenes, are wide- 
spread in Nature and they have been isolated from very different sources'. They 
are of interest as natural dye-stuffs (vitexin?, carminic acid?) and as compounds 
having interesting physiological properties (C-glycosyltetrahydrocannabinol’, 
hedamycin*, kyanamycin*, bergenin>~’, etc.). Improved antitumor activity is ex- 
pected from C-glycosylanthracyclinones due to differences in their metabolism*®. 
Most of the compounds mentioned are derivatives of oxysubstituted benzenes and 
benzoquinones, for which an interesting hypothesis for antitumor activity has been 
proposed’. 


*Glycosyl imidates, Part 22. This work was supported by the Deutsche Forschungsgemeinschaft and the 
Fonds der Chemischen Industrie. 
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O-Glycopyranosyl trichloroacetimidates have proven to be excellent glycosyl 
donors with silylenol ethers as C-acceptors'’. Therefore, oxy-substituted benzene 
derivatives would be substrates in this Friedel—Crafts type reaction as well'!. Earlier 
Friedel-Crafts type reactions with glycopyranosyl halides gave frequently both 
anomers and unsatisfactory results because of low reactivity'*. Considerably lower 
reactivity has been observed for pyranoses as compared to furanoses!?. 


RESULTS AND DISCUSSION 


Our preliminary investigations'' with O-a-D-glucopyranosyl trichloroacet- 
imidate (1), phloroglucinol trimethyl ether, and diethyl ether- boron trifluoride as 
catalyst gave excellent yields of the B-D-glucosyl compound 2, making the yield of 
this method competitive with those of any other reported methods!?~'*. In the 
meantime also, the O-B-b-glucopyranosyl imidate 11 could be successfully used!> 
for the synthesis of compound 2. Therefore, we undertook a more detailed investi- 
gation’ of the scope of this C-glucosyl-bond-forming reaction with the glucosyl 
donor 1. 

Electron-rich benzene derivatives are labile to acid treatment; therefore, the 
selection of the catalyst system was crucial for these reactions. A thorough investi- 
gation of various Lewis-acid catalysts revealed that, besides the efficient diethyl 
ether: borontrifluoride catalyst*, the weak Lewis-acids, diethyl ether - zinc chloride 
and zinc chloride itself, are the most efficient catalysts. This result was clearly 
demonstrated with phloroglucinol tribenzyl ether and imidate 1, which yielded, 
with diethyl ether - zinc chloride as catalyst, clearly the corresponding B-C-glucosyl 
compound 3 as main product, in addition to some a-D anomer (89%; ratio of B to 
a, 3:1). Diethyl ether-borontrifluoride led mainly to the decomposition of the 
glucosyl acceptor'*. 

Investigations of various substituted phloroglucinol derivatives gave interest- 
ing results. With the dimethyltrimethylsilyl ether of phloroglucinol and diethyl 
ether - borontrifluoride, only the regioisomer 4 could be isolated. However, the di- 
methyl-O-(1,1-dimethylethyl)diphenylsilyl ether afforded, under the same con- 
ditions, preponderantly the regioisomer 5 (62%; ratio of § to 4 3:1). For structural 
assignments, 4 was debenzylated and subsequently O-acetylated to give 6. Com- 
pounds 2-5 are suitable starting materials for C-glucosylflavone syntheses. This is 
even more so for the C-glucosyl compound 7, which was obtained from methyl 
2,4,6-trimethoxyphenylpropionate in high yield. It was transformed into the O- 
acetyl derivative 8. 2-Isopropenylphloroglucinol trimethyl ether gave with diethyl 
ether-zinc chloride as catalyst, the regioisomers 9 and 12 owing to electrophilic 
attack at the benzene nucleus or at the electron-rich side chain, followed by proto- 
tropy. Introduction of an electron withdrawing substituent into the phloroglucinol 
residue led to lowered reactivity; for instance, 2-acetylphloroglucinol dimethyl 


*This catalyst system'® was mainly used for O-glycosyl trichloroacetimidate activation. 
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ether afforded the C-glucosyl compound 10 only in a modest yield. 

The result obtained for compound 10 lowered our expectations for the 
regioisomeric trimethoxy-substituted benzene derivatives, since one of the methoxy 
groups would inductively deactivate the benzene nucleus for electrophilic attack. 
This was also observed with pyrogallol trimethyl ether; only the a-D isomer 13 was 
obtained in low yield. However, treatment of the 5-methyl-substituted derivative 
with imidate 11 exhibited a very different behavior; the B-D isomer 14 was isolated 
again in fairly good yield (47%); only traces (3%) of the corresponding a-D isomer 
could be isolated. Also, 1,2,4-trimethoxybenzene gave the C-B-D-glucosyl com- 
pound 16 from 1 in reasonable yield. For structural assignments, compounds 14 
and 16 were transformed into the O-acetyl derivatives 15 and 17, respectively. 

The results obtained for compound 14 were quite promising for a short syn- 
thesis of the O-acylated bergenin dimethyl ether®’ 24 via an intramolecular C- 
glucosyl-bond formation. Bergenin-type compounds have been isolated from a 
heartwood extraction of Macaranga peltata, a small tree commonly found in Indian 
forests. A gum powder of this tree has been used in Indian medicine for the treat- 
ment of veneral diseases’. In our approach, the D-glucose derivative 18 was syn- 
thesized from the easily available 3,4,6-tri-O-acetyl-1,2-O-(1-methoxyethylidene)- 
D-glucose!’, and deacetylation gave 19. Treatment with 3,4,5-trimethoxybenzoyl 
chloride in the presence of methylpyridine in toluene afforded the 1,2-digalloyl-p- 
glucose derivative 20, which was selectively transformed into the 2-galloyl deriva- 
tive 21 by treatment with hydrazine acetate. The a and B mixture of trichloroacet- 
imidates 22 was obtained with trichloroacetonitrile-potassium carbonate and 
subsequent addition of sodium hydride in almost quantitative yield (98%; ratio of 
a to B, 6:1); potassium carbonate alone gave a 2:1 ratio of the anomers. 





C-GLUCOSYLARENES 


BnOCH,: 
| 
Pp —o NHCOCCI3 


f OBn S 


Several methods were investigated for the intramolecular ring-closure of the 
trichloroacetimidates 22. For instance, treatment of the a-D anomer of 22 with 
trifluoromethanesulfonic acid as catalyst gave, via imidate rearrangement, the 
glucosylamine derivative 25 in good yield. Other strong Lewis acids led to the 
formation of some additional 1,6-anhydro-n-glucose derivative 26, which was also 
obtained from the B-D anomer of 22 with diethyl ether-zinc chloride as catalyst; 
the main product in the latter reaction was compound 21. Borontrifluoride treat- 
ment of the a-D anomer of trichloroacetimidate 22 in toluene afforded, in addition 
to some 1,6-anhydro-D-glucose derivative 26, a new compound 23, which after 
hydrogenolytic debenzylation and O-acetylation had 'H-n.m.r. spectral data in 
agreement with structure 24 proposed for bergenin dimethyl ether®’. All the sugar 
ring protons could be fully assigned by the use of different solvents. Their chemical 
shifts and coupling constants are in accordance with expectations, J,» 7.8, Jy 4 
9.5, Jy 4 9.5, Jy 5 9.5, Js 6 5.2, and Js, 6 2.5 Hz; however, these data are not in 
agreement with the published data for the natural product’. In our opinion, the 
'H-n.m.r. and mass spectral data published for the natural product rather suggest 
structure 28; however, further work is required for the final structural elucidation 
of this compound. 

Various 1,3-dioxybenzenes could be successfully C-glucosylated with the tri- 
chloroacetimidate 1. Resorcinol dimethyl ether and resorcinol bis(trimethylsilyl) 
ether gave the C-glucosyl components 29 and 30, respectively, in high yield. [(1,1- 
Dimethyl )ethyl|(diphenyl)silyloxymethyl resorcinal dimethyl ether afforded a 2:1 
mixture of the regioisomers 31 and 34, which were immediately desilylated with 
tetrabutylammonium fluoride and isolated as compounds 32 and 35 in good yield. 
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Compound 32 was also transformed into the O-acetyl derivative 33. The occurrence 


of the oxysubstituted chromene and naphthalene nuclei in natural C-glucosyl com- 


pounds led us to investigate the C-glucosylation of 7-methoxy-2,2-dimethyl-2H- 
chromene and 1,3-dimethoxynaphthalene as 1,3-dialkoxybenzene derivatives. 
Thus, the C-glucosyl compounds 36 and 38 were obtained and, after hydrogenolytic 
debenzylation and O-acetylation, the C-glucosyl compounds 37 and 39. Restricted 
rotation around the C-glucosyl bond was observed in 'H-n.m.r. measurements, for 
instance for compounds 6, 7, 8, 33, and 39. A clear separation of the two 1,2- 
rotamers was possible with the C-glucosylnaphthalene 38. 
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Simple monoalkoxy-benzenes were not reactive enough for this C-glucosyl- 
bond-forming reaction. However, 9-trimethylsilyloxyanthracene gave a mixture of 
the anomers of the C-glucosylanthrone 40 which could not be separated. The pure 
C-B-D-glucosyl compound 41 was obtained with the O-acetylated O-a-pD-gluco- 
pyranosyl trichloroacetimidate 42. 

The structures of the new compounds (anomeric configuration and regio- 
isomeric constitution) were assigned by 'H- and °C-n.m.r. data. Off-resonance 
spectra and spectra recorded at high temperature were obtained, some compounds 
being converted into O-acetyl derivatives (6, 8, 15, 17, 24, 33, 37, and 39). The 
O-benzyl compounds 32 and 38 (rotamers) seem to have a twisted conformation 
according to the coupling constants; this may be due to steric strain around the 
glycosidic bond. For compound 41, the 'H-n.m.r. spectral assignments reported'® 
could not be verified. The observed preferential formation of C-B-D-glucopyranosyl 
compounds from trichloroacetimidate 1, contrary to the findings with silylenol 
ethers as acceptors!’, could be due to a lower steric strain in the B-transition state 
for the sterically-demanding acceptors used in the present study. This view is 
supported by the exclusive isolation of the C-a-D-glucopyranosyl derivative 13 with 
the less-hindered pyrogallol trimethyl ether. 


EXPERIMENTAL 


General. — Melting points are uncorrected. Optical rotations were meas- 
ured with a Perkin-Elmer 241 MC polarimeter. 'H-N.m.r. and °C-n.m.r. spectra 
were recorded, for solution in the solvents noted (Me,Si, 0.00 6), with Bruker WP 
80 CW, Bruker WM 250 Cryospec, and Jeol FX 90 Q instruments. R, values refer 
to t.l.c. performed on silica gel (Merck) with the solvent systems noted. Column 
chromatography was performed under normal pressure with silica gel (Merck, 70- 
230 mesh ASTM and 230-400 mesh ASTM for flash chromatography) and under 
elevated pressure with silica gel (Merck, “LiChroprep” Si 60, 40-60 wm) with the 
solvent systems noted (petroleum ether, 40—70°). 

The following starting materials were commercially available and purchased 
from Aldrich Co.: 1,3,5-Trimethoxybenzene, 3,4,5-trimethoxytoluene, 1,2,4-tri- 
methoxybenzene, 1,3-dimethoxybenzene, precocene I (2,2-dimethyl-7-methoxy- 
2H-chromene), and 1,3-dimethoxynaphthaiene. 

2,4,6- Trimethoxy -1 - (2,3,4,6-tetra-O-benzyl- B-D-glucopyranosyl)benzene'! 
(2). — (a) From O-(2,3,4,6-tetra-O-benzyl-a-D-glucopyranosyl) trichloroacet- 
imidate'’ (1). A solution of 1 (2.06 g, 3 mmol) and 1,3,5-trimethoxybenzene (0.50 
g, 3 mmol) in dichloromethane (20 mL) was treated with 0.5m diethyl ether- BF, 
solution in anhydrous dichloromethane (6 mL, 3 mmol) at room temperature. After 
3 h, excess saturated solution of NaHCO, in water was added. The organic layer 
was separated, dried (Na,SO,), and evaporated. The oily residue was purified on 
silica gel by flash chromatography (4:1, v/v, petroleum ether-ethyl acetate); yield 
1.55 g (76%), colorless oil, [a]29, +5.4° (c 1.0, chloroform); R, (4:1, v/v, petroleum 
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ether—ethyl acetate) 0.35. The physical data have been confirmed independently’. 
Anal. Calc. for C4,HyO, (690.8): C, 74.75; H, 6.71. Found: C, 74.36; H, 


6.72. 

(b) From O-(2,3,4,6-tetra-O-benzyl-B-D-glucopyranosyl) N ,2,2-tri-(4-chloro- 
phenyl)acetimidate*® (11). A solution of 11 (1.05 g, 1.15 mmol) and 1,3,5-tri- 
methoxybenzene (0.33 g, 1.96 mmol) in anhydrous dichloromethane (10 mL) was 
treated with 0.1M diethyl ether - BF, solution in dichloromethane (2 mL, 0.2 mmol) 
at room temperature. After 20 min, the reaction mixture was worked-up, as 
described above, to yield 2 (0.53 g, 67%) having identical physical data. 

2,4,6-Tribenzyloxy-1-(2,3,4,6-tetra-O-benzyl-B- (3) and -a-D-glucopyrano- 
syl)benzene. — (a) Synthesis of 1,3,5-tribenzyloxybenzene. To a solution of 1,3,5- 
trihydroxybenzene (3.96 g, 24.4 mmol) in anhydrous N, N-dimethylformamide (50 
mL) was added NaH (2.50 g, 104.2 mmol) under N, at —20° and, after 1 h, benzyl 
bromide (14.08 g, 82.3 mmol). The mixture was kept for 2 h at —20°, then 
methanol was added to eliminate the excess of NaH, and the suspension was treated 
with water (100 mL). The organic material was extracted with dichloromethane (3 
x 70 mL) and the organic phase dried (MgSO,) and evaporated. The solid residue 
crystallized from ethanol—water to yield 7.32 g (76%), m.p. 89°; lit.2! m.p. 39-41° 
(acetic acid); 'H-n.m.r. (80 MHz, CDCI,): 6 7.48—7.15 (m, 15 H, 3 C,H), 6.63 (s, 
3 H, H-2,4,6), and 5.01 (s, 6 H, 3 CH,). 

Anal. Calc. for C,,H,,0, (396.5): C, 81.79; H, 6.10. Found: C, 81.86; H, 
6.11. 

(b) Synthesis of a mixture of 3 and its a-D anomer. As described for the prep- 
aration of 2, procedure (a) was applied to a solution, in anhydrous dichloromethane 
(15 mL) of 1 (0.95 g, 1.38 mmol), 1,3,5-tribenzyloxybenzene (0.55 g, 1.38 mmol), 
and 0.56m diethyl ether: zinc chloride in anhydrous dichloromethane (10 mL, 5.60 
mmol) to give, after 1 h, an oily residue that was purified on silica gel by flash 
chromatography (4:1, v/v, petroleum ether-ethyl acetate), yield 1.13 g (88%; ratio 
of B- to a-D anomer, 3:1), colorless oil; R; (4:1, v/v, petroleum ether-ethyl acetate) 
0.54; 'H-n.m.r. (250 MHz, CDCI,): 6 7.51-6.91 (m, 35 H, 7 C,H), 6.25, 6.24 (2s, 
2 H, H-4,6), 5.99 (dd, 0.25, H, J, 5, 6.1 Hz, H-1’,q@), and 5.19-3.44 (m, 20.75 H). 

Anal. Calc. for Cy,HsgO, (919.1): C, 79.71; H, 6.36. Found: C, 79.63; H, 
6.48. 

3,5-Dimethoxy-2-(2,3,4,6-tetra-O-benzyl-B-D-glucopyranosyl) phenol (24) and 
3,5-dimethoxy-4-(2,3,4,6-tetra-O-benzyl-B-D-glucopyranosyl) phenol (5). — (a) Syn- 
thesis of 3,5-dimethoxy-1-trimethylsilyloxybenzene. 3,5-Dimethoxyphenol (1.00 g, 
6.49 mmol) was refluxed in hexamethyldisilazane (5 mL) and chlorotrimethylsilane 
(5 mL) for 12 h. Distillation gave a colorless liquid (1.38 g, 94%), b.p. 72° (25 Pa); 
'H-n.m.r. (80 MHz, CDCI,): 6 6.28-6.15 (m, 3 H, C,H), 3.80 (s, 6 H, 20 Me), and 
0.25 (s, 9 H, 3 SiMe). 

Anal. Calc. for C,,H,gO0,Si (226.3): C, 58.37; H, 8.02. Found: C, 58.35; H, 
7.75. 

(b) Synthesis of (1,1-dimethylethyl)diphenylsilyloxy-3,5-dimethoxybenzene. 
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This compound was synthesized from dimethoxyphenol and chloro(1,1-dimethyl- 
ethyl)diphenylsilane according to a published general procedure”’, yield 53%, R; 
(4:1, v/v, petroleum ether-ethyl acetate) 0.78; 'H-n.m.r. (80 MHz, CDC1,): 6 8.05- 
7.50 (m, 10 H, 2 C,H), 6.00 (c.m., 3 H, H-2,4,6), 3.63 (s, 6 H, 2 OMe), and 1.10 
(s, 9 H, CMe,): m.s.: m/e 392 (M*), 199 (100%). 

(c) Synthesis of 4. As described for the preparation of 2, procedure (a) was 
applied to 1 (0.93 g, 1.35 mmol), 3,5-dimethoxytrimethylsilyloxybenzene (0.35 g, 
1.55 mmol) in anhydrous dichloromethane (5 mL), and 0.25M diethyl ether - BF, in 
dichloromethane (4 mL, 1.00 mmol) to give, after 1 h, an oily residue that was 
purified on silica gel by flash chromatography (7:3, v/v, petroleum ether-—ethyl 
acetate), yield 0.30 g (33%), colorless oil, [a], +33° (c 1, chloroform), R, (4:1, 
v/v, toluene-ethyul acetate), 0.35; 'H-n.m.r. (250 MHz, CDCI,): 6 7.98 (s, 1 H, 
OH), 7.24-6.91 (m, 20 H, 4 C,;H;), 6.07, 5.98 (2 d, 2 H, J, 1.3 Hz, H-4,6), 4.96— 
3.51 (m, 15 H, 4 CH,, 7 sugar H), 3.68, and 3.59 (2 s, 6 H, 2 OMe); °C-n.m.r. 
(62.97 MHz, CDCl,): 6 161.4, 158.6, 158.2 (3 s, 3 C, C-1,3,5), 138.8, 138.2, 138.0, 
137.9 (4s, 4[C-1 (C, H.)], 128.3-127.4 (C,H.), 104.9 (s, 1 C, C-2), 94.9, 91.4 (d, 
2 C, C-4,6), 86.1, 81.6, 78.6, 75.5, 75.1, 75.0, 74.5, 73.4, 68.1 )4 C,H.-CH,, 6 sugar 
C), 55.6, and 55.2 (2 q, 2 C, 2 OCH;). 

Anal. Calc. for Cy,H4,O, (676.8): C, 74.54; H, 6.55. Found: C, 74.28; H, 
6.78. 

(d) Synthesis of 5. As described for the preparation of 2, procedure (a) was 
applied to 1 (0.68 g, 1.01 mmol), (1,1-dimethylethyl)diphenylsilyloxy-3 ,5-di- 
methoxybenzene (0.68 g, 1.73 mmol) in anhydrous dichloromethane (15 mL), and 
0.1M diethyl ether- BF, in dichloromethane (5 mL, 0.5 mmol) to give, after 2 h, an 
oily residue which was treated in oxolane (10 mL) with tetrabutylammonium 
fluoride trihydrate (0.80 g, 2.54 mmol) for 3 h. The mixture was purified on silica 
gel by flash chromatography (7:3, v/v, petroleum ether-ethyl acetate); yield 0.32 g 
(47%) of 5, colorless oil [in addition to 4 (0.10 g, 15%)]; R, (7:3, v/v, petroleum 
ether-ethyl acetate) 0.21; 'H-n.m.r. (250 MHz, CDCl,): 6 7.59-6.88 (m, 20 H, 4 
C;H;), 6.19 (bs, 1 H, OH), 5.93, 5.86 (2.65, 2 H, H-2,6), 5.11-3.39 (m, 15 H, 4 
CH., 7 sugar H), 3.62, and 3.56 (2s, 6 H, 2 OMe). 

Anal. Calc. for Cy,H,,O0, (676.8): C, 74.54; H, 6.55. Found: C, 74.36; H, 
6.69. 

2-Acetoxy-4,6-dimethoxy-I1-(2,3,4,6-tetra-O-acetyl-B-D-glucopyranosyl)ben- 
zene (6). — Compound 4 (0.21 g, 0.31 mmol) was dissolved in 1:1 (v/v) methanol- 
ethyl acetate (6 mL). After addition of Pd—C (80 mg), hydrogenation was moni- 
tored by t.l.c. (4:1, v/v, chloroform—methanol). After completion of the reaction, 
filtration and evaporation of the solvent gave a liquid residue which was dissolved 
in 1:1 acetic anhydride—2-methylpyridine (2 mL) at room temperature. After 17 h, 
the mixture was treated with water (50 mL), and then extracted three times with 
dichloromethane (20 mL). The organic layer was washed two times with M HCI (20 
mL) and then evaporated. The oily residue was purified on silica gel by flash 
chromatography (2:3, v/v, petroleum ether—ethyl acetate). For analysis purposes, 
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the material was again purified on silica gel by elevated pressure chromatography 
with the same solvent system; yield 0.14 g (84%), amorphous solid, [a]23, —43° (c 
1, chloroform), R, (2:3, v/v, petroleum ether—ethyl acetate) 0.53; 'H-n.m.r. (250 
MHz, CDCl,): 66.31, 6.22 (2 d, 2 H, J, ¢ 2.5 Hz, H-4,6), 5.70-5.65 (m, 1 H, H-2’), 
5.30-5.10 (m, 2 H, H-3’,4’), 4.85 (d, 1 H, J;, >, 8.0 Hz, H-1"), 4.40-4.00 (m, 2 H, 
H-6’ ,6”), 3.70 (cm, 1 H, H-5’), 3.81, 3.76 (2s, 6 H, 2 OMe), 2.34 (s, 3H, COCH;), 
2.04, 2.02, 1.99, and 1.75 (4s, 12 H, 4 COCH,). 

Anal. Calc. for C,4H,0,; (526.5): C, 54.75; H, 5.74. Found: C, 54.77; H, 
5.68. 

Methyl  3-[2,4,6-trimethoxy-3-(2,3,4,6-tetra-O-benzyl-B-D-glucopyranosyl)- 
phenyl|propionate (7). — (a) Synthesis of methyl 3-(2,4,6-trimethoxyphenyl)prop- 
ionate. Methyl 2,4,6-trimethoxycinnamate* (0.70 g, 2.77 mmol) was dissolved in 
methanol (30 mL) and hydrogenated after addition of PtO, (150 mg). After com- 
pletion of the reaction, filtration and evaporation gave a solid residue that was 
purified on silica gel by elevated pressure chromatography (4:1, v/v, petroleum 
ether-ethyl acetate); yield 0.43 g (61%), amorphous solid, R, (4:1, v/v, petroleum 
ether—ethyl acetate) 0.58; 'H-n.m.r. (90 MHz, CDCI,): 6 6.11 (s, 2 H, H-3,5), 3.79 
(s, 3 H, OMe), 3.78 (s, 6 H, 2 OMe), 3.66 (s, 3 H, CO,Me), 2.99-2.82 (m, 2 H, 
B-CH,), and 2.53—2.34 (m, 2 H, a-CH,). 

Anal. Calc. for C,,;H,gO, (254.3): C, 61.41; H, 7.14. Found: C, 61.26; H, 
7.16. 

(b) Synthesis of 7. As described for the preparation of 2, procedure (a) was 
applied to 1 (0.91 g, 1.33 mmol), methyl 3-(2,4,6-trimethoxyphenyl)-propionate 
(0.30 g, 1.18 mmol) in anhydrous dichloromethane (10 mL), and 0.1m diethyl 
ether - BF, in dichloromethane (8 mL, 0.80 mmol) to give an oily residue that was 
purified on silica gel by flash chromatography (7:3, v/v, petroleum ether-ethyl 
acetate); yield 0.12 g of unreacted propionate and 0.44 g of 3 (80%, relative to used 
1), colorless oil, R; (7:3, v/v, petroleum ether-ethyl acetate) 0.53; 'H-n.m.r. (250 
MHz, CDCl,): 6 7.34-6.83 (m, 20 H, 4 C,H), 6.27, 6.22 (2s, 1 H, H-5), 4.98-4.43 
(m, 9 H, 4 CSH<-CH,, 1 sugar H), 4.14, 4.02 (2 d, 1 H, J, 5, 10.6 Hz, H-1’), 3.91- 
3.55 (m, 5 H, 5 sugar H), 3.83, 3.82, 3.81, 3.77, 3.73, 3.70, 3.69, 3.62 (6s, 12 H, 4 
OMe), 2.96-2.78 (m, 2 H, B-CH,), and 2.58-2.41 (m, 2 H, a-CH,). 

This material was directly transformed into 8. 

Methyl 3-[2,3,6-trimethoxy-3-(2,3,4,6-tetra-O-acetyl-B-D-glucopyranosyl|pro- 
pionate (8). — This compound was obtained from 7 (0.23 g, 0.30 mmol) as 
described for the preparation of 6; yield 0.13 g (74%) colorless oil; R, (2:3, v/v, 
petroleum ether-ethyl acetate) 0.49; 'H-n.m.r. [250 MHz, (*H,)Me,SO, 130°]: 6 
6.42 (s, 1 H, H-5), 5.76 (dd, 1 H, J;, >, 9.8, Jy, 3 9.6 Hz, H-2’), 5.21 (dd, 1 H, J, 5, 
9.6, J 4 9.3 Hz, H-3'), 4.99 (dd, 1 H, Jz 4 9.3, Jy 5 9.8 Hz, H-4’), 4.89 (d, 1 H, 
Jy» 9.8 Hz, H-1'), 4.10 (cm, 2 H, H-6’,6”), 3.93-3.86 (m, 1 H, H-5’), 3.80, 3.72, 
3.59 (3s, 12 H, 4 OMe), 2.79 (cm, 2 H, a-CH,), 2.43 (cm, 2 H, B-CH,), 1.99, 1.95, 
1.91, and 1.66 (4s, 12 H, 4 COCH,). 

Anal. Calc. for C,,7H,,0,, (584.6): C, 55.48; H, 6.21. Found: C, 55.27; H, 
6.30. 
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2-[2,4,6-Trimethoxy-3-(2,3,4,6-tetra-O-benzyl-B-D-glucopyranosyl)phenyl|-1- 
propene (9) and 3-(2,3,4,6-tetra-O-benzyl-B-D-glucopyranosyl)-2-(2,4,6-trimethoxy- 
phenyl)-1-propene (12). — As described for the preparation of 2, procedure (a) 
applied to 1 (0.53 g, 0.77 mmol), 2-(2,4,6-trimethoxyphenyl)-1-propene” (0.15 g, 
0.72 mmol) in anhydrous dichloromethane (8 mL), and 0.56 diethyl ether: ZnCl, 
in dichloromethane (6 mL, 3.36 mmol) gave, after 1 h, and oily residue that was 
purified on silica gel by flash chromatography (4:1 v/v, petroleum ether—ethyl 
acetate). Separation of the isomers was performed by elevated pressure chromatog- 
raphy on silica gel (19:1, v/v, toluene—ethyl acetate) to give 9 (0.21 g, 39%), 6, and 
12 (0.21 g, 39%), colorless oils. 

Compound 9. [a], +18° (c 1, chloroform), R, (19:1, v/v, toluene-ethyl 
acetate)0.14; 'H-n.m.r. (250 MHz, CDCI): 6 7.36—6.97 (m, 20 H, 4 C,H.), 6.27 (s, 
1 H, H-5), 5.84 (d, 1 H, J; >, 7.3 Hz, H-1’), 5.32, 4.94 (2 cm, 2 H, =CH,), 4.81-4.26 
(m, 8 H, 4 C,H,CH,), 4.05 (dd, 1 H, J,» 7.3, Jy 4 7.3 Hz), 4.03-3.95 (m, 1 H, 
H-5’), 3.82 (s, 3 H, OMe), 3.72 (s, 6 H, 2 OMe), 3.80—3.62 (m, 4 H, H-3’,4’,6’,6”"), 
and 2.05 (s, 3 H, C-CH;). 

Anal. Calc. for CyHsgOg (730.9): C, 75.59; H, 6.90. Found: C, 75.38; H, 
6.99. 

Compound 12. [a]3, +38° (c 1, chloroform), R; (19:1, v/v, toluene—ethyl 
acetate) 0.15; 'H-n.m.r. (250 MHz, CDCl,): 6 7.34-7.12 (m, 20 H, 4 C,H), 6.11 
(s, 2 H, H-3,5), 5.41 [cm, 1 H, =CH (Z)], 4.99 [(d, 1 H, J 1.8 Hz, =CH (£)}, 
4.93-4.44 (m, 8 H, 4 C,H—CH,), 4.34-4.22 (m, 1 H, H-1’), 3.80 (s, 3 H, OMe), 
3.70 (s, 6 H, 2 OMe), 3.78-3.49 (m, 6 H, 6 sugar H), and 2.89-2.68 (m, 2 H, 
C-CH,-C). 

Anal. Calc. for CyHs5gO, (730.9): C, 75.59; H, 6.90. Found: C, 75.39; H, 
7.03. 

2-Hydroxy-4,6-dimethoxy-3-(2,3,4,6-tetra-O-benzyl-B-D-glucopyranosyl)acet- 
ophenone (10). — As described for the preparation of 2, procedure (a) applied to 
1 (0.59 g, 0.85 mmol), 2-hydroxy-4,6-dimethoxyacetophenone* (0.17 g, 0.89 
mmol) in anhydrous dichloromethane (10 mL), and ZnCl, (0.24 g, 1.75 mmol) 
gave, after 3 h, an oily residue that was purified on silica gel by flash chromatog- 
raphy (3:2, v/v, petroleum ether-ethyl acetate) and then on silica gel by elevated 
pressure chromatography (9:1, v/v, toluene—acetone); yield 0.09 g (17%), colorless 
oil, [a], +16° (c 1, chloroform); R, (3:2, v/v, petroleum ether-ethyl acetate) 0.41; 
'H-n.m.r. (80 MHz, CDCI,): 6 14.30 (bs, 1 H, OH), 6.03 (s, 1 H, H-6), 6.01 (d, 1 
H, J,» 7 Hz, H-1’), 5.00-3.70 (m, 14 H, 4 C;SH,-CH),, 6 sugar H), 3.94, 3.88 (2 s, 
6 H, 2 OMe), and 2.65 (s, 3 H, COCH;). 

Anal. Calc. for C,,H4jO, (719.9): C, 73.42; H, 6.58. Found: C, 73.63; H, 
6.55. 


1,2,3-Trimethoxy-4-(2,3,4,6-tetra-O-benzyl-a-D-glucopyranosyl) benzene (13). 
— As described for the preparation of 2, procedure (a) applied to 1 (0.67 g, 0.97 
mmol), 1,2,3-trimethoxybenzene” (0.33 g, 1.94 mmol) in anhydrous dichloro- 
methane (5 mL), and ZnCl, (0.35 g, 2.57 mmol) gave, after 6 h, an oily residue that 
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was purified on silica gel by flash chromatography (1:1, v/v, petroleum ether- 
diethyl acetate); yield 0.11 g (17%), colorless oil, Ry (1:1, v/v, petroleum ether— 
diethyl acetate) 0.37; 'H-n.m.r. (80 MHz, CDCl,): 6 7.75—7.20 (m, 20 H, 4 C,H), 
6.90-6.70 (m, 2 H, H-5,6), 5.86 (d, 1 H, J,» 4 Hz, H-1’), 5.18-3.75 (m, 14 H, 4 
C,H.-CH,, and 6 sugar H), and 3.93 (bs, 9 H, 3 OMe). 

Anal. Calc. for Cy,HyOg (690.8): C, 74.76; H, 6.71. Found: C, 74.52; H, 
6.83. 

3,4,5-Trimethoxy-2-(2,3,4,6-tetra-O-benzyl-B- (14) and -a-D-glucopyranosyl)- 
toluene. — As described for the preparation of 2, procedure (a) applied to 11 (0.87 
g, 0.95 mmol), 3,4,5-trimethoxytoluene (0.30 mL, 1.78 mmol) in anhydrous di- 
chloromethane (10 mL), and 0.1M diethyl ether- BF, in dichloromethane (10 mL, 
1.0 mmol) gave, after 1 h, an oily residue that was purified on silica gel by flash 
chromatography, and then by elevated pressure chromatography (4:1, v/v, 
petroleum ether-—ethyl acetate), 14 (0.28 g, 47%) and its a-D anomer (20 mg, 3%). 

Compound 14. Colorless oil, rotamers, R, (4:1, v/v, petroleum ether-ethyl 
acetate) 0.39; 'H-n.m.r. (250 MHz, CDCl,): 10 6 7.32-6.92 (m, 20 H, 4 C,H), 
6.50, 6.46 (2 s, 1 H, H-6), 4.95-4.43 (m, 8 H, 4 C;H,-CH,), 4.13-3.74 (m, 7 H, 7 
sugar H), 3.85, 3.83, 3.81, 3.80 (4s, 9 H, 3 OMe), 2.47-2.26 (3s, 3 H, C-CH;). 

Anal. Calc. for Cy,HygO, (704.9): C, 74.98; H, 6.86. Found: C, 74.46; H, 
6.92. 

a-D Anomer of 14. Colorless oil, [a], +23° (c 1, chloroform), Ry (4:1, v/v, 
petroleum ether-ethyl acetate) 0.46; 'H-n.m.r. (250 MHz, CDCI,):6 7.31-—7.00 (m, 
20 H, 4 C;H;), 6.48 (s, 1 H, H-6), 5.53 (d, 1 H, J; >, 3.2 Hz, H-1'), 4.72-4.16 (m, 
8 H, 4 C,H;-CH,), 4.00-3.71 (m, 6 H, 6 sugar H), 3.86, 3.78, 3.66 (3 s, 9 H, 3 
OMe), 2.60 (s, 3 H, C-CH,). 

Anal. Calc. for C,,H4gO0, (704.9): C, 74.98, H, 6.86. Found: C, 74.87; H, 
7.00. 

3,4,5-Trimethoxy-2-(2,3,4,6-tetra-O-acetyl-B-D-glucopyranosyl)toluene (15). 
— As described for the preparation of compound 6, 14 (0.28 g, 0.40 mmol) gave 15 
(0.18 g, 88%), colorless oil as rotamers, [a]?3, —14° (c 1, chloroform), Ry (3:2, v/v, 
petroleum ether-ethyl acetate) 0.24; 'H-n.m.r. [250 MHz, (7H,)Me,SO, 100°]: 6 
6.54 (s, 1 H, H-6), 5.51 (dd, 1 H, J; 5, 9.5, J, 3 9.5 Hz, H-2’), 5.27 (dd, 1 H, J, 4 
9.5, J3» 4 9.5 Hz, H-3’), 5.04 (dd, 1 H, Jy 4 9.5, Jy 5, 9.8 Hz, H-4’), 4.93 (d, 1 H, 
Ji» 9.5 Hz, H-1'), 4.14 (cm, 2 H, H-6’,6”), 3.99-3.96 (m, 1 H, H-5’), 3.80, 3.77, 
3.71 (3s, 9 H, 3 OMe), 2.35 (s, 3 H, C-CH,), 2.00, 1.98, 1.92, and 1.70 (4s, 12 H, 
4 COCH,). 

Anal. Calc. for C,,H,,0,, (508.5): C, 56.69; H, 6.55. Found: C, 56.29; H, 
6.32. 

1,2,4-Trimethoxy-5-(2,3,4,6-tetra-O-benzyl-B-D-glucopyranosyl) benzene (16). 
— As described for the preparation of 2, procedure (a) applied to 1 (0.60 g, 0.87 
mmol), 1,2,4-trimethoxybenzene (0.13 mL, 0.77 mmol) in anhydrous dichloro- 
methane (10 mL), and ZnCl, (0.01 g, 0.70 mmol) gave, after 4 h an oily residue 
that was purified on silica gel by flash chromatography and elevated pressure 
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chromatography (3:1, v/v, petroleum ether-ethyl acetate); yield 0.25 g (47%), 
colorless oil [a]?3, +4.5° (c 1, chloroform); R, (7:3, v/v, petroleum ether—ethyl 
acetate) 0.35; 'H-n.m.r. (80 MHz, CDCI,): 6 7.75—7.10 (m, 21 H, 4 C,H., H-6), 
6.70 (s, 1 H, H-3), 5.20~-3.60 (m, 15 H, 4 C;H;-CH,, 7 sugar H), and 
3.80 (3 s, 9 H, 3 OMe). 

Anal. Calc. for Cy,H,O, (690.8): C, 74.76; H, 6.71. Found: C, 74.75; H, 
6.85. 

1,2,4-Trimethoxy-5-(2,3,4,6-tetra-O-acetyl-B-D-glucopyranosyl)benzene (17). 
— As described for the preparation of compound 6, 16 (0.14 g, 0.20 mmol) gave 17 
(66 mg, 73%), colorless foam, [a]23, —18° (c 1, chloroform), R,; (3:2, v/v, petroleum 
ether-ethyl acetate) 0.46; 'H-n.m.r. (250 MHz, CDCl,): 65 6.88 (s, 1 H, H-6), 6.49 
(s, 1 H, H-3), 5.50—5.20 (m, 3 H, H-2’,3’,4’), 4.90 (d, 1 H, J; 5 9.8 Hz, H-1’), 
4.32—-4.08 (m, 2 H, H-6’,6”), 3.90—-3.75 (m, 1 H, H-5’), 3.89, 3.85, 3.82 (3s, 9 H, 3 
OMe), 2.07, 2.06, 2.01 (3 s, 9 H, 3 COCH,), and 1.79 (s, 3 H, CH,;CO). 

Anal. Calc. for C,,H 30,5 (498.5): C, 55.42; H, 6.07. Found: C, 55.48; H, 
6.13. 

2-0-Acetyl-3,4,6-tri-O-benzyl-D-glucopyranose (18). — A solution of 3,4,6- 
tri-O-acetyl-1,2-O-(1-methoxyethylidene)-D-glucose orthoacetate!’ (31.7 g, 94.14 
mmol) in anhydrous methanol (100 mL) was treated at 0° with anhydrous NH, gas. 
After 2 h, the mixture was evaporated to complete dryness. The residue was dis- 
solved in anhydrous N, N-dimethylformamide (250 mL). To the solution at 0° and 
under a N, atmosphere, NaH (11.60 g, 483.3 mmol) was added. When the forma- 
tion of H, had ceased, benzyl bromide (48.5 mL, 483.3 mmol) was added slowly 
with strong stirring. In order to complete the benzylation, additional NaH (4.0 g, 
0.167 mol) and benzyl bromide (20 mL, 0.2 mol) were added after 12 h. Slow 
addition of methanol (20 mL) and then water (500 mL) ended the reaction. The 
organic material was extracted with chloroform (3 x 100 mL), the organic phase 
dried (MgSO,), and evaporated. The oily residue was purified by chromatography 
on silica gel, which had been activated by treatment with HNO, (7:3, v/v, petroleum 
ether—ethyl acetate). This material was pure enough for further reactions; yield 
30.25 g (74%), viscous oil. Addition of 7:2 (v/v) petroleum ether-ethyl acetate 
gave the a-D anomer as crystalline material, m.p. 124-126°, [a], +64° (c 1, 
chloroform); R,; (7:3, v/v, petroleum ether-ethyl acetate) 0.32; 'H-n.m.r. (250 
MHz, CDCl,): 6 7.36-7.09 (m, 15 H, 3 C,H), 5.40 (cm, 1 H, H-1), 4.88 (dd, 1 H, 
J. 2.7, Jz 10.7, H-2), 4.83-4.47 (m, 6 H, 3 CSH;-CH,), 4.11-+4.01 (m, 2 H, H-3,4), 
3.72-3.58 (m, 3 H, H-5,6,6’), 3.18 (bd, 1 H, OH), and 2.03 (s, 3 H, COCH;). 

Anal. Calc. for C,>H3,0, (491.6): C, 70.86; H, 6.36. Found: C, 70.61; H, 
6.49. 

3,4,6-Tri-O-benzyl-D-glucopyranose (19). — A solution of 18 (10.0 g, 20.34 
mmol) in anhydrous methanol (200 mL) was treated at 0° with anhydrous NH, gas 
for 4 h and, after 12 h at room temperature, the solvent was evaporated and the 
residue chromatographed on silica gel (1:1, v/v, petroleum ether-ethyl acetate); 
yield 1.73 g (84%), amorphous solid, R, (3:2, v/v, petroleum ether-ethyl acetate) 
0.13; 'H-n.m.r. (250 MHz, CDCI,): 6 7.36—7.08 (m, 15 H, 3 C;H;), 5.36 (bs, 0.5 H, 
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H-1), 5.20 (cm, 0.5 H, H-la), 4.93-4.75 (m, 3 H, 1.5 CsH;-CH,), 4.64 (bs, 0.5 H, 
H-1), 4.57-4.41 (m, 3.5 H, 1.5 C;H,-CH,, H-1B), 4.04—-3.41 (m, 6 H, 6 sugar H), 
and 2.76 (d, 0.5 H, J 6.4 Hz, H-2a). 

Anal. Calc. for C,,H,O0, (450.5): C, 71.98; H, 6.71. Found: C, 71.84; H, 
6.75. 

3,4,6-Tri-O-benzyl-1,2-di-O-(3,4,5-trimethoxybenzoyl)-a,B-D-glucopyranose 
(20). — To a solution of 19 (6.74 g, 14.96 mmol) and 2-methylpyridine (10 mL, 
102.76 mmol) in anhydrous dichloromethane (5 mL) and toluene (15 mL) was 
added, at 0°, 3,4,5-trimethoxybenzoyl chloride?’ (10.13 g, 49.95 mmol) dissolved in 
toluene (10 mL). After 2 h, the mixture was poured onto ice—water (150 mL) and 
then extracted with dichloromethane (3 x 40 mL). The organic phase was washed 
with M NaOH (50 mL) and M HCI (50 mL), dried (MgSO,), and evaporated. The 
residue was purified by flash chromatography on silica gel (3:2, v/v, petroleum 
ether—ethyl acetate); yield 9.67 g (77%), colorless oil. The anomers were separated 
by elevated pressure chromatography with the same solvent system. 

a-D Anomer. [a]33, +137° (c 1, chloroform), Ry t.l.c. (3:2, v/v, petroleum 
ether-ethyl acetate) 0.62; 'H-n.m.r. (250 MHz, CDCl,): 6 7.38—7.09 (m, 19 H, aryl 
H), 6.62 (d, 1 H, J; , 3.7 Hz, H-1), 5.47 (dd, 1 H, J; 5 3.7, J;., 9.9 Hz, H-2), 4.91- 
4.52 (m, 6 H, 3 CSH,<-CH,), 4.19 (dd, 1 H, J, , 9.9, J; 4 8.8 Hz, H-3), 4.03-3.52 (m, 
4H, H-4,5,6,6’), 3.91, 3.86, 3.85 (3 s, 12 H, 4 OMe), and 3.64 (s, 6 H, 2 OMe). 

Anal. Calc. for Cy,H5,O,, (838.9): C, 67.29; H, 6.01. Found: C, 67.35; H, 
6.24. 

B-D Anomer. [a], +1.1° (c 1, chloroform), R; (3:2, v/v, petroleum ether-— 
ethyl acetate) 0.51; 'H-n.m.r. (250 MHz, CDCl,): 6 7.34-7.25 (m, 19 H, aryl H), 
5.92 (d, 1 H, J; 8.2 Hz, H-1), 5.59 (dd, 1 H, J; , 8.2 Hz, J, ,8.2 Hz, H-2), 4.87-4.50 
(m, 6 H, 3 CCH<-CH,), 4.00-3.67 (m, 5 H, 5 sugar H), 3.88 (s, 12 H, 4 QMe), and 
3.84 (s, 6 H, 2 OMe). 

Anal. Calc. for CyzH5gO,, (838.9): C, 67.29; H, 6.01. Found: C, 67.38; H, 
6.14. 

3,4,6-Tri-O-benzyl-2-O-(3,4,6-trimethoxybenzoyl)-D-glucopyranose (21). — 
In analogy to the procedure of Excoffier et al.28, a solution of 20 (4.23 g, 5.14 
mmol) and hydrazine acetate (1.10 g, 11.82 mmol) in anhydrous N, N-dimethyl- 
formamide (20 mL) was warmed to 55° for 4 h and kept at room temperature for 2 
h. Then ethyl acetate (70 mL) was added and the mixture poured on a saturated 
NaCl solution (30 mL). The organic phase was extracted with ethyl acetate (2 x 30 
mL), dried, and the solvent evaporated. The solid residue was crystallized from 
ethanol. The mother liquor was purified by chromatography on silica gel (3:2, v/v, 
petroleum ether-—ethyl acetate); yield 2.38 g (72%), colorless crystals, m.p. 167°; 
'H-n.m.r. (250 MHz, CDCI,): 6 7.35—7.14 (m, 17 H, aryl H), 5.58 (m, 1 H, H-1), 
5.09 (dd, 1H, J; , 2.3, J, 3 9.8 Hz, H-2), 4.85-4.50 (m, 6 H, 3 CsH;-CH,), 4.23 (dd, 
1 H, J, ; 9.8, J; 4 9.2 Hz, H-3), 4.15 (m, 1 H, H-5), 3.90 (s, 3 H, OMe), 3.83 (s, 6 
H, 2 OMe), 3.74-3.66 (m, 3 H, H-4,6,6’), and 3.05 (m, 1 H, OH). 

Anal. Calc. for C37H yO, (644.7): C, 68.93; H, 6.25. Found: C, 68.74; H, 
6.44. 
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3,4,6-Tri-O-benzyl-2-O-(3,4,5-trimethoxybenzoyl)-a- and -B-D-glucopyrano- 
syl trichloroacetimidate (22). — To a solution of 21 (0.38 g, 0.59 mmol) and tri- 
chloroacetonitrile (1 mL, 9.97 mmol) in anhydrous dichloromethane (25 mL) was 
added, at room temperature, anhydrous K,CO, (4.0 g). The mixture was stirred for 
19 h and then NaH (20 mg) added. After 3 h, the solid material was filtered off and 
the solvent evaporated. The oily residue was purified by flash chromatography on 
silica gel (7:3, v/v, petroleum ether-—ethyl acetate) (an analytical sample was 
purified by elevated pressure chromatography on silica gel with the same solvent 
system) to give 0.38 g (81%) of a-D anomer and 0.08 g (17%) of B-D anomer. 

a-D-Anomer. [a]23, +8° (c 1, chloroform), R,; (7:3, v/v, petroleum ether- 
ethyl acetate) 0.71; 'H-n.m.r. (250 MHz, CDCl,): 6 8.53 (s, 1 H, NH), 7.37-7.16 
(m, 17 H, aryl H), 6.65 (d, 1 H, J, 5 3.7 Hz, H-1), 5.43 (dd, 1 H, J, 5 3.7, J, ; 10.2 
Hz, H-2), 4.90-4.51 (m, 6 H, 3 C;HCH,), 4.26 (dd, 1 H, J, , 10.2, J; , 10.2 Hz, 
H-3), 4.09-3.76 (m, 4H, 4 sugar H), 3.92 (s, 3 H, OMe), and 3.84 (s,6 H, 2 OMe). 

Anal. Calc. for Cy,HyCl,NO,, (789.1): C, 59.36; H, 5.11; N, 1.78. Found: C, 
58.94; H, 5.35; N, 1.50. 

B-D Anomer. [a], +64° (c 1, chloroform), R; (7:3, v/v, petroleum ether- 
ethyl acetate) 0.51; 'H-n.m.r. (250 MHz, CDCl,): 6 8.61 (s, 1 H, NH), 7.37-7.12 
(m, 17 H, aryl H), 5.95 (d, 1 H, J, , 7.9 Hz, H-1), 5.54 (cm, 1 H, H-5), 4.86-4.54 
(m, 6 H, 3 CSH—CH,), 3.94-3.75 (m, 5 H, 5 sugar H), 3.91 (s, 3 H, OMe), and 
3.86 (s, 6 H, 2 OMe). 

(3R,4R, 4aR, 10bS) -3,4- Diacetoxy -2 -acetoxymethyltetrahydropyrano|5,6 -c}- 
3,4-dihydroisocoumarin (24). — As described for the preparation of 2, procedure 
(a) applied to the a-D anomer of 22 (0.24 g, 0.30 mmol) in anhydrous toluene (30 
mL) and 0.1M diethyl ether: BF, in anhydrous dichloromethane (5 mL, 0.5 mmol) 
gave, after 2 h, an oily residue. This was purified by flash chromatography on silica 
gel (3:2, v/v, petroleum ether-—ethyl acetate) to give a material (0.20 g) that con- 
tained 23 and 26. As described for compound 6, this material was transformed into 
compounds 24 and 27, which were separated by flash chromatography on silica gel 
(2:3, v/v, petroleum ether-ethyl acetate) to give 24 (50 mg, 35%) and 27 (26 mg, 
20% ). Compound 24 showed m.p. 212° (ethanol), [a], —9.1° (c 1, chloroform), 
R, (2:3, v/v, petroleum ether-ethyl acetate) 0.26; 'H-n.m.r. (400 MHz, CD,CN): 
6 7.26 (s, 1 H, H-7), 5.42 (dd, 1 H, J; 4 9.5, Jy 4, 9.5 Hz, H-4), 5.10 (d, 1 H, Js 10, 
7.8 Hz, H-10b), 5.04 and 4.98 (m, 2 H, H-3,4a), 4.12-4.05 (m, 2 H, CH,H,OAc), 
3.86-3.78 (m, 1 H, H-2), 3.86 (s, 6 H, 2 OMe), 3.80 (s, 3H, OMe), 1.93, 1.89, 1.84 
(3 s, 9 H, 3 COCH,); [250 MHz; 9:1, v/v, (*H,)acetone—CDCl,] 6 7.28 (s, 1 H, 
H-7), 5.44 (dd, 1 H, J; , 9.5, Jy 4, 9.5 Hz, H-4), 5.28 (d, 1H, J4, 19, 7-9 Hz, H-10b), 
5.10 (dd, 1 H, Jy, 1, 7-9, J44, 9-5 Hz, H-4a), 5.06 (dd, 1 H, J,,; 9.5, J; 4 9.5 Hz, 
H-3), 4.19 (dd, 1 H, Jy 40 5.2, Ju 4, 12.8 Hz, CH,HgOAc), 3.98 (dd, 1 H, Jy 4, 
<1, Ju. H, 12.8 Hz, CH,H,OAc), 3.89 (s, 6 H, 1 OMe), 3.83 (s, 3 H, OMe), 
3.87-3.80 (m, 1 H, H-2), 1.98, 1.90, and 1.87 (3s, 9 H, 3 COCH,); '°C-n.m.r. (100 
MHz, CDCl,): 6 170.2, 170.0, 169.8 (3s, 3 C, 3 COCH,), 164.2 (s, 1 C, aryl CO), 
152.8 (s, 2 C, C-8,10), 142.5 (s, 1 C, C-9), 124.1 (s, 2 C, C-6a,10a), 107.2 (d, 1 C, 
C-7), 96.9, 72.2, 72.1, 71.3, 69.1 (5 d, 5 C, 5 pyranose C), 61.7 (t, CH,OAc), 60.7 
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(q, 1 C, OMe-4), 56.1 (q, 2 C, OMe-3,4), and 20.4 (q, 3 C, 3 CO—-CH;); m.s.: m/z 
483 (M + H?*) and 195 (100%). 

Anal. Calc. for C,,H,,O,, -0.5 H,O (491.446): C, 53.76; H, 5.54. Found: C, 
53.62; H, 5.43. 

3,4,6-Tri-O-benzyl-1-N-(trichloroacetyl)-2-OQ-(3,4,5-trimethoxybenzoyl)-B-D- 
glucopyranosylamine (25). — As described for the preparation of 2, procedure (a) 
applied to the a-D anomer of 22 (1.06 g, 1.34 mmol) in anhydrous hexane—-dichloro- 
methane (12 mL, 5:1, v/v) and trifluoromethanesulfonic acid (0.50 mL, saturated 
solution) gave, after 3 h, and oily residue that was purified by flash chromatography 
on silica gel (7:3, v/v, petroleum ether-—ethyl acetate); yield 0.71 g (67%) colorless 
oil, [a], +82° (c 1, chloroform), R, (7:3, v/v, petroleum ether—ethyl acetate) 0.45; 
'H-n.m.r. (250 MHz, CDCl,): 6 7.62 (d, 1 H, J 7.6 Hz, NH), 7.62—7.17 (m, 17 H, 
aryl H), 5.23 (cm, 2 H, H-1,2), 4.864.50 (m, 6 H, 3 C;H;-CH,), 3.91 (s, 3 H, 
OMe), 3.86 (s, 6 H, 2 OMe), and 4.01-3.65 (m, 5 H, 5 sugar H). 

Anal. Calc. for CyHygCl,NOj, (789.1): C, 59.36; H, 5.11; Cl, 13.48; N, 1.78. 
Found: C, 58.96; H, 5.06; Cl, 13.09; N, 1.75. 

1,6-Anhydro-3, 4-di-O-benzyl- (26) and 3,4-di-O-acetyl-2-O-(3,4,5-trimethoxy- 
benzoyl)-B-D-glucopyranose (27). — As described for the preparation of 2, proce- 
dure (a) applied to the B-D anomer of 22 (0.11 g, 0.14 mmol) in anhydrous dichloro- 
methane (10 mL) and 0.56M diethyl ether- ZnCl, in dichloromethane (2 mL, 1.12 
mmol) gave, after 4 h, an oily residue. This was purified by flash chromatography 
and elevated pressure chromatography on silica gel (7:3, v/v, petroleum ether-ethyl 
acetate) to give 26 (20 mg, 27%) and 21 (50 mg, 55%). 

Compound 26. Colorless oil [a]?3, +17.5° (c 1, chloroform); Rp (7:3, v/v, 
petroleum ether-—ethyl acetate) 0.33; 'H-n.m.r. (250 MHz, CDCI,): 6 7.36—7.25 (m, 
12 H, aryl H), 5.58 (cm, 1 H, H-1), 5.00 (cm, 1 H, H-2), 4.85 (d, 1 H, J 12.0 Hz, 
C,H,-CH-4), 4.71-4.70 (m, 1 H, H-5), 4.61 (d, 1 H, J 12.0 Hz, C;H,=-CH-4), 4.50 
(s, 2H, C,H;-CH,-3), 4.16-4.13 (m, 1 H, sugar H), 3.87—3.45 (m, 2 H, 2 sugar H), 
3.91 (s, 3 H, OMe), and 3.80 (s, 6 H, 2 OMe). 

Anal. Calc. for C4 )H,,0, (536.6): C, 67.15; H, 6.01. Found: C, 67.38; H, 
6.12. 

Compound 26 was transformed into compound 27 as described for the prep- 
aration of compound 24; yield 74%, colorless foam, [a]23, +50° (c 1, chloroform); 
Ry (2:3, v/v, petroleum ether-ethyl acetate) 0.46; 'H-n.m.r. (250 MHz, CDCI,): 6 
7.35 (s, 2 H, aryl H), 5.58 (cm, 1 H, H-1), 5.08 (cm, 1 H, H-3), 4.82 (cm, 1 H, 
H-2), 4.71 (cm, 1 H, H-4), 4.67 (cm, 1 H, H-5), 4.16 (dd, 1 H, J; , <1, J¢.¢, 7.3 Hz, 
H-6), 3.92 (s, 9 H, 3 OMe), 3.86 (dd, 1 H, J; 6 5.5, Jg¢ 7.3 Hz, H-6’), 2.16, and 
2.13 (2s, 6 H, 2 COCH,). 

Anal. Calc. for C,,H,,0,, (440.4): C, 54.55; H, 5.49. Found: C, 54.47; H, 
5.50. 

1,3 - Dimethoxy -4 - (2,3, 4,6 - tetra-O - benzyl- B-D-glucopyranosyl)benzene!!:*9 
(29). — As described for the preparation of 2, procedure (a) applied to 1 (0.85 g, 
1.2 mmol), 1,3-dimethoxybenzene (0.17 g, 1.2 mmol) in anhydrous dichloro- 
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methane (20 mL), and 0.5m diethyl ether: BF, in dichloromethane (0.5 mL, 0.25 
mmol) gave an oily residue that was purified by elevated pressure chromatography 
on silica gel (3:2, v/v, petroleum ether—diethyl acetate); yield 0.60 g, (76%), color- 
less crystals, [a]23, +15.6° (c 1, chloroform); 'H-n.m.r. (250 MHz, CDCl,): 5 7.40- 
6.85 (m, 21 H, 4 C;H;, H-5), 6.57-6.45 (m, 2 H, H-2,6), 4.99-3.92 (m, 8 H, 4 CH,) 
3.81 (s, 3 H, OMe), 3.74 (s, 3 H, OMe), and 3.82—3.52 (m, 6 H, 6 sugar H). 

Anal. Calc. for Cy,H,4,O, (660.8): C, 76.34; H, 6.71. Found: C, 76.26; H, 
6.70. 

1,3-Dihydroxy-4-(2,3,4,6-tetra-O-benzyl-B-D-glucopyranosyl)benzene (30). 
— As described for the preparation of 2, procedure (a) applied to 1 (2.0 g, 2.9 
mmol), 1,3-bis(trimethylsilyloxy)benzene (0.75 g, 2.9 mmol) in anhydrous di- 
chloromethane (30 mL), and 0.5m diethylether - BF, in dichloromethane (2 mL, 1.0 
mmol) gave an oily residue that was treated with 0.2N H,SO, (30 mL) at reflux for 
8 h to remove the silyl groups. This mixture was made neutral, concentrated, the 
organic material extracted with dichloromethane (2 x 50 mL), and the solvent 
evaporated. Purification by elevated pressure chromatography on silica gel (4:1, 
v/v, petroleum ether-ethyl acetate) yielded a colorless oil (1.01 g, 54%), Rp (4:1, 
v/v, petroleum ether-—ethyl acetate) 0.23; 'H-n.m.r. (250 MHz, CDCI,): 6 7.40—7.05 
(m, 21 H, 4 C,H;, H-5), 6.70-6.46 (m, 2 H, H-2,6), 5.18-4.55 (m, 9 H, 4 CH), 
H-1'), and 3.97—3.58 (m, 6 H, 6 sugar H). 

Anal. Calc. for CyH gO, (632.7): C, 75.93; H, 6.37. Found: C, 75.75; H, 
6.29. 

1-Hydroxymethyl-3,5-dimethoxy-2- (32) and -4-(2,3,4,6-tetra-O-benzyl-B-D- 
glucopyranosyl)benzene (35). — (a) Synthesis of (1,1-dimethylethyl)diphenylsilyl 
3,5-dimethoxybenzyl ether. This compound was prepared according to a general 
procedure” from 3,5-dimethoxybenzyl alcohol; yield 63%, slightly yellow oil; 'H- 
n.m.r. (80 MHz, CDCI,): 6 7.72—7.25 (m, 10 H, 2 C,H;), 6.51-6.31 (m, 3 H, H- 
2,4,6), 4.72 (s, 2 H, CH,), 3.76 (s, 6 H, 2 OMe), and 1.10 (s, 9 H, CMe;); m.s.: 
m/z 349 (M* — tert.butyl), 151 (100%). 

(b) Synthesis of 32 and 35. As described for the preparation of 2, procedure 
(a) applied to 1 (0.94 g, 1.37 mmol), (1,1-dimethylethyl)diphenylsilyl 3,5-di- 
methoxybenzyl ether (0.64 g, 1.57 mmol) in anhydrous dichloromethane (10 mL), 
and 0.1M diethyl ether- BF, (5 mL, 0.5 mmol) gave after 4 h, an oily residue that 
was purified on silica gel by flash chromatography (19:1, v/v, toluene—cthyl 
acetate). This material (0.47 g, 45%), a mixture of 31 and 34 was desilylated with 
tetrabutylammonium fluoride trihydrate (0.48 g, 1.52 mmol) in oxolane (10 mL), 
at first at 0° and then for 4 h at room temperature. The mixture was treated with 
water (100 mL) and extracted with dichloromethane (2 xX 50 mL). The organic 
phase was dried, the solvent evaporated, and the oily residue purified by flash 
chromatography on silica gel (1:1, v/v, petroleum ether-ethyl acetate) to yield 32 
(176 mg, 51%) and 35 (103 mg, 30%). 

Compound 32. Colorless oil, [a]33,, +7.8° (c 1, chloroform), Rp (1:1, v/v, 
petroleum ether-ethyl acetate) 0.65; 'H-n.m.r. (250 MHz, CDCI,): 6 7.37-6.90 (m, 
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20 H, 4 C,H;), 6.57, 6.37 (2 d, 2 H, J 2.4 Hz, H-2,4), 5.63 (d, 1 H, J, >, 2.4 Hz, 
H-1'), 5.03-4.06 (m, 10 H, 4 C;sH,-CH,OH), 4.24-3.68 (m, 6 H, 6 sugar H), 3.84 
(s, 3 H, OMe), 3.64 (s, 3 H, OMe), and 3.77 (cm, 1 H, H-2’); °C-n.m.r. (22.6 
MHz, CDCl,): 6 160.2, 259.1 (C-3,5), 143.0 (C-1), 138.9, 138.5, 138.4 [C-1 (C,H;)], 
128.2, 128.1, 127.9, 127.4, 127.2, 127.1 (C,H), 114.6 (C-2), 103.4, 102.3 (C-4, 
C-6), 87.4, 79.9, 79.6, 75.7, 75.0, 74.3, 73.1, 72.6, 69.1 (4 C;H.-CH,, 5 pyranose 
C), 65.2 (-CH,OH), 56.1, and 55.8 (2 OCH,). 

Anal. Calc. for Cy,HyO, (690.8): C, 74.76; H, 6.71. Found: C, 74.42; H, 
6.89. 

Compound 35. Colorless oil, [a]2, —2.5° (c 1, chloroform), R, (1:1, v/v, 
petroleum ether-ethyl acetate) 0.38; 'H-n.m.r. (250 MHz, CDCI,): 57.37-6.86 (M, 
20 H, 4 C,H.), 6.59, 6.62 (2 s, 2 H, H-2,6), 5.00 (d, 1 H, J;,, 10.1 Hz; H-1’), 
4.97-4.05 (m, 8 H, 4 C,H-CH,), 4.41 (dd, 1 H, J,» 10.1, J, 8.5 Hz, H-2’), 
3.93-3.74 (m, 4 H, H-3’,4’,6’,6”), 3.80 (s, 3 H, OMe), 3.72 (s, 3 H, OMe), 3.57 
(cm, 1 H, H-5’), and 1.80 (bs, 1 H, OH). 

Anal. Calc. for Cy,HyO, (690.8): C, 74.76; H, 6.71. Found: C, 74.70; H, 
6.64. 

3,5-Dimethoxy-2-(2,3,4,6-tetra-O-acetyl-B-D-glucopyranosyl)benzyl acetate 
(33). — As described for the preparation of compound 6, 32 (0.13 g, 0.19 mmol) 
gave 33 (63 mg, 61%), colorless oil, [a], —10.5° (c 1, chloroform), R, (2:3, v/v, 
petroleum ether—ethyl acetate) 0.62; 'H-n.m.r. [400 MHz; (7H,)Me,SO, 140°]: 6 
6.53, 6.52 (2s, 2 H, H-4,6), 5.47 (dd, 1 H, J», 4 9.5, Jy 4 9.6 Hz, H-3’), 5.26 (d, 1 
H, J 12.6 Hz, CH-OAc) 5.24 (dd, 1 H, J; >, 9.9, J,.3, 9.5 Hz, H-2'), 5.16 (d, 1 H, 
J 12.6 Hz, CH-OAc), 5.02 (dd, 1 H, Jy 4 9.6, Jy 5 9.8 Hz, H-4’), 5.01 (d, 1 H, J,, > 
9.9 Hz, H-1'), 4.12 (cm, 2 H, H-6’,6”, 3.91 (cm, 1 H, H-5’), 3.80, 3.77 (2s, 6H, 2 
OMe), 2.07, 1.99, 1.97, 1.91, and 1.68 (5 s, 15 H, 5 COCH,). 

Anal. Calc. for C,;H,,0,, (540.5): C, 55.55; H, 5.97. Found: C, 55.29; H, 
6.06. 

2,2-Dimethyl-7-methoxy-6-(2,3,4,6-tetra-O-benzyl-B-D-glucopyranosyl)-2H- 
chromen (36). — As described for the preparation of 2, procedure (a) applied to 1 
(0.96 g, 1.40 mmol), 2,2-dimethyl-7-methoxy-2H-chromen (Precocene I: 0.29 g, 
1.53 mmol) in anhydrous nitromethane (6 mL), and ZnCl, (0.35 g, 2.56 mmol) 
gave, after 1 h, an oily residue that was purified by flash chromatography on silica 
gel (19:1, v/v, toluene—ethyl acetate), yield 0.40 g (40%), colorless crystals, m.p. 
107-108°; [a], +0.4° (c 1, chloroform); R, (19:1, v/v, toluene-ethyl acetate) 0.43; 
'H-n.m.r. (250 MHz, CDCI,): 6 7.33-6.91 (m, 20 H, 4 C,H.), 7.06 (s, 1 H, H-5), 
6.38 (s, 1 H, H-8), 6.28 (d, 1 H, J; , 9.8 Hz, H-4), 5.48 (d, 1 H, J; 9.8 Hz, H-3), 
4.99-4.51 (m, 4H, 2 CSH;-CH,), 4.45 (dd, 1 H, J; 5, 10.3, J,, 5, 10.3 Hz, H-2’), 4.01 
(d, 1 H, J;, 5, 10.3 Hz, H-1’), 3.81-3.60 (m, 9 H, 2 C;H.-CH,, 5 sugar H), 3.72 (s, 
3 H, OMe), 1.45, and 1.42 (2s, 6 H, 2 Me). 

Anal. Calc. for C4.H4,0, (712.9): C, 77.50; H, 6.79. Found: C, 77.54; H, 
6.77. 

2,2-Dimethyl-7-methoxy-6-(2,3,4,6-tetra-O-acetyl-B-D-glucopyranosyl)chro- 
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man (37). — As described for the synthesis of compound 6, 36 (0.23 g, 0.32 mmol) 
gave 37 (0.13 g, 76%) after flash chromatography on silica gel (7:3, v/v, petroleum 
ether—ethyl acetate); colorless foam, [a]23, —18° (c 1, chloroform), R; (same 
solvent system) 0.57; 'H-n.m.r. (250 MHz, CDCIl,): 6 7.04 (s, 1 H, H-8), 6.29 (s, 1 
H, H-5), 5.30—5.20 (m, 3 H, H-2’,3’,4’), 4.88 (d, 1 H, J; > 9.5 Hz, H-1’), 4.35-4.05 
(m, 2 H, H-6’,6”), 3.90-3.75 (m, 1 H, H-5’), 3.76 (s, 3 H, OMe), 2.69 (cm, 2 H, 
H-4), 2.08, 2.05, 1.78 (4s, 12 H, COCH,), 1.77 (cm, 2 H, H-3), 1.34, and 1.29 (2 
s, 6H, 2 Me). 

Anal. Calc. for C,,H;;O,, (523.6): C, 59.65; H, 6.74. Found: C, 59.58; H, 
6.79. 

1,3- Dimethoxy -4-(2,3,4,6-tetra-O-benzyl-B-D-glucopyranosyl)naphthalene 
(38), rotamers a and b. — As described for the preparation of 2, procedure (a) 
applied to 1 (1.19 g, 1.74 mmol), 1,3-dimethoxynaphthalene (0.35 mL, 1.86 mmol) 
in anhydrous dichloromethane (10 mL), and 0.56 diethylether - ZnCl, in dichloro- 
methane (10 mL, 5.6 mmol) gave, after 30 min, an oily residue. This was purified 
by flash chromatography and elevated pressure chromatography on silica gel (4:1, 
v/v, petroleum ether-ethyl acetate) to yield 38a (0.40 g, 32%) and 38b (0.15 g 
12%). 

Rotamer a. |a]23, +27.0° (c 1, chloroform), R, (4:1, v/v, petroleum ether- 
ethyl acetate) 0.38; 'H-n.m.r. (250 MHz, CDCI,): 68.71 (d, 1 H, J; , 8.2 Hz, H-8), 
8.17 (dd, 1 H, J; , 8.2, J; 7 1.1 Hz, H-5), 7.40-6.98 (m, 22 H, 4 C;5H,, H-6,7), 6.59 
(s, 1 H, H-2), 6.04 (d, 1 H, J,» 3.7 Hz, H-1’), 4.99-4.35 (m, 6 H, 3 CSH;-CH,), 
4.13-4.06 (m, 3 H, C;sH=-CH,, H-3’), 4.01 (s, 3 H, OMe), 3.92 (cm, 1 H, H-2’), 
3.78 (s, 3 H, OMe), and 3.81-3.74 (m, 4 H, H-4’,5’,6’,6”). 

Rotamer b. [a], +27.6° (c 1, chloroform), R, (4:1, v/v, petroleum ether- 
ethyl acetate) 0.33; 'H-n.m.r. (250 MHz, CDCl,): 6 8.53-8.49 (m, 1 H, H-8), 8.21- 
8.18 (m, 1 H, H-5), 7.35—7.05 (m, 22 H, 4 C,H, H-6,7), 6.77-6.73 (m, 1 H, H-2), 
5.43 (d, 1 H, J; >, 9.9 Hz, H-1’), 4.99-4.48 (m, 6 H, 3 CSH;-CH,), 4.27 (dd, 1 H, 
Jy 9.9, Jn 4 9.9 Hz, H-2"), 4.18-3.56 (m, 7 H, CsH;-CH,, 5 sugar H), 4.03, and 
3.89 (2s, 6 H, 2 OMe). 

Anal. Calc. for Cy4H,,O, (710.9): C, 77.72; H, 6.92. Found (mixtures of 
rotamers): C, 77.48; H, 6.48. 

1,3- Dimethoxy -4 - (2,3, 4,6 -tetra-O - acetyl- B-D-glucopyranosyl)naphthalene 
(39). — As described for the preparation of compound 6, 38 (rotamer a) (0.32 g, 
0.42 mmol) gave 39 (0.15 g, 69%), after flash chromatography on silica gel (1:1, 
v/v, petroleum ether-ethyl acetate), colorless oil, R; (4:1, v/v, petroleum ether— 
ethyl acetate) 0.43; 'H-n.m.r. [250 MHz; (7H,-Me,SO) 129°]: 6 8.30 (d, 1 H, J>. 
8.6 Hz, H-8), 8.08 (dd, 1 H, J;, 8.2, J;; 0.9 Hz, H-5), 7.55-7.44 (m, 1 H, H-7), 
7.29 (dd, 1 H, J; 5 8.2, Js 7 8.9 Hz, H-6), 6.79 (s, 1 H, H-2), 5.67 (dd, 1 H, J, 5, 9.6, 
Jy 4 9.6 Hz, H-3"), 5.49 (d, 1 H, J; >, 9.8 Hz, H-1’), 5.36 (dd, 1 H, Jy 4 9.6, Jy 5: 
9.6 Hz, H-4’), 5.21 (dd, 1 H, J,» 9.8, J 3 9.6 Hz, H-2’), 4.21-3.92 (m, 3 H, 
H-5’,6',6"), 4.01, 3.95 (2s, 6 H, 2 OMe), 2.03, 1.99, 1.91, and 1.55 (4s, 12 H, 4 
COCH,). 
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Anal. Calc. for C,;Hy)0,, (482.5): C, 57.26; H, 6.27. Found: C, 57.49; H, 


6.39. 

10-(2,3,3,6-Tetra-O-benzyl-a,B-D-glucopyranosyl)anthrone (40). — (a) Syn- 
thesis of 9-trimethylsilyloxyanthracene. As described for the preparation of 3,5-di- 
methoxy-1-trimethylsilyloxybenzene from anthrone, 9-trimethylsilyloxyanthracene 
was obtained in 85% yield, b.p. 120° (1 MPa); 'H-n.m.r. (80 MHz, CDC1,): 6 8.56— 
8.13 (m, 5 H, H-1,4,5,8,10), 7.58 (m, 4 H, H-2,3,6,7), 0.35 (s, 9 H, SiMe;); m.s.: 
m/z 266 (M*) and 73 (100%). 

(b) Synthesis of 40. As described for the preparation of 2, procedure (a) 
applied to 1 (0.79 g, 1.15 mmol), 9-trimethylsilyloxyanthracene (0.37 g, 1.38 mmol) 
in anhydrous dichloromethane (5 mL), and 0.25m diethyl ether- BF; in dichloro- 
methane (4.20 mL, 1.1 mmol) gave, after 4 h, an oily residue that was purified by 
flash chromatography and elevated pressure chromatography on silica gel (4:1, v/v, 
petroleum ether-ethyl acetate); yield 0.33 g (40%) of a 1:1 mixture of the anomers 
which could not be separated; R, (4:1, v/v, petroleum ether-—ethyl acetate) 0.60; 
'H-n.m.r. (250 MHz, CDCI,): 6 8.30 (m, 2 H, H-1,8), 7.90—7.20 (m, 26 H, aryl H), 
and 5.02-3.25 (m, 16 H, 4 CH,, 7 sugar H, and H-10). 

Anal. Calc. for CygHy,O, (116.9): C, 80.42; H, 6.19. Found: C, 80.24; H, 
6.31. 

10-(2,3,4,6-Tetra-O-acetyl-B-D-glucopyranosyl)anthrone (41). — As de- 
scribed for the preparation of 2, procedure (a) applied to compound 42'° (2.20 g, 
4.50 mmol), 9-trimethylsilyloxyanthracene (1.40 g, 5.30 mmol) in anhydrous di- 
chloromethane (10 mL), and SnCl, (0.52 mL, 2.74 mmol) gave, after 1 h, a solid 
residue that was purified by flash chromatography and elevated pressure 
chromatography on silica gel (3:2, v/v, petroleum ether-ethyl acetate); yield 0.79 g 
(34%), yellow powder, m.p. 137—138° (methanol—water), [a]3, —10.6° (c 1, 
chloroform); R, (3:2, v/v, petroleum ether-ethyl acetate) 0.39; 'H-n.m.r. (250 
MHz, CDCI,): 6 8.21 (m, 2 H, H-1,8), 7.64-7.34 (m, 6 H, H-2,7), 5.08 (dd, 1 H, 
Jy 4 9.2, Jy 4 9.7 Hz, H-3'), 4.73 (dd, 1 H, Jy 4 9.7, Jy 5, 10.1 Hz, H-4’), 4.66 (dd, 
1 H, J,» 10.1, J, 5 9.2 Hz, H-2’), 4.41 (d, 1 H, J 1.5 Hz, H-10), 4.03—3.86 (m, 3 
H, H-1',6’,6”), 3.51-3.44 (m, 1 H, H-5’), 2.02, 1.96, 1.91, and 1.90 (4s, 12 H, 4 
COCH,). 

Anal. Calc. for CygH 5.059) (524.5): C, 64.12; H, 5.76. Found: C, 64.37; H, 
5.84. 
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ABSTRACT 


In the presence of a catalytic amount of triphenylmethyl perchlorate (trityl 
perchlorate), 1-O-acetyl-2,3,5-tri-O-benzyl-B-D-ribose stereoselectively reacted 
with trimethylsilyl nucleophiles, such as trimethylsilyl enol ether, allylsilane, and 
trimethylsilyl cyanide, to give the corresponding C-a-D-ribofuranosyl derivatives in 
excellent yields. Similarly, a C-a-D-ribofuranosyl compound was obtained stereo- 
selectively in high yield by use of a flow system with polymer-supported triphenyl- 
methyl perchlorate, prepared from polystyrene-bound triphenylmethanol, packed 
in a glass-tube column. 


INTRODUCTION 


Stereoselective synthesis of functionalized C-glycosyl compounds is one of 
the most effective and used approaches to the preparation of C-nucleosides. Al- 
though several methods are already known for the synthesis of C-8-D-ribofuranosyl 
compounds!, few general and versatile methods for the synthesis of C-a-D-ribo- 
furanosyl compounds have been reported’. In a previous paper*, we have shown 
that, in the presence of trityl perchlorate, 1-O-acyl sugars stereoselectively react 
with alcohols to afford the corresponding a-D-glycosides in good yields. We 
describe herein an equally efficient method for the preparation of C-a-D-ribo- 
furanosyl compounds by the reaction of 1-O-acetyl-D-ribose with trimethylsilyl 
nucleophiles in the presence of a catalytic amount of trityl perchlorate’. We also 
report the convenient synthesis of C-a-D-ribofuranosyl compounds by simply 
passing the reagents through polymer-supported trityl perchlorate, packed in a 
glass-tube column. 


RESULTS AND DISCUSSION 


In the presence of a catalytic amount of trityl perchlorate (5 mol/100 mol), 
1-O-acetyl-2,3 ,5-tri-O-benzyl-B-D-ribofuranose (1) reacted with the trimethylsilyl 
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TrCciOg 
Me,Si-nucleophile —a 


= CH,-CO-CMe, 
CH,-CO-C,H, 
= CgH,(0)0 
CH,— CH —Ch, 
= CN 


enol ether of tert-butyl methyl ketone to afford two anomers of 3,3-dimethyl-1- 
(2,3,5-tri-O-benzyl-D-ribofuranosyl)-2-butanone (2) (93%, 99:1 stereoselectivity). 
The 'H-n.m.r. spectra showed two doublets of doublets for -CH,— protons at 63.00 
and 2.95 for the major anomer (2q@), and 2.70 and 2.55 for the minor anomer (28). 
In the °C-n.m.r. spectra, C-2 resonated at 6 37.3 for the major anomer and 40.4 
for the minor anomer (see Table I). Treament of the major anomer with sodium 
methoxide (under thermodynamic conditions) gave a mixture of 2@ and 2B (2a@:2B 
21:29) which were separated by column chromatography on silica gel. The results 
suggested that 2@ and 2B were the a-D and the B-D anomer, respectively, especially 
the definitive evidence® that the signal of the methylene group carbon atom in the 
a position to the carbonyl group of 2@ was at a field higher than that of the corre- 
sponding group of 2f*. 


TABLE I 


CHEMICAL SHIFTS (6) OF THE METHYLENE OR METHINE GROUP CARBON ATOM IN POSITION @ TO THE 
CARBONYL GROUP 


Compound Chemical shifts of anomers 











2 

3 

4 (less polar) 
(more polar) 


“In addition to the n.m.r. data, unambiguous chemical transformations of 2@ supported this assignment. 
Namely, the Bayer—Villiger oxidation of 2a, followed by hydrolysis of the tert-butyl ester gave the 
corresponding carboxylic acid. Diazomethane treatment afforded the methyl ribofuranosylacetate 
whose spectral data were in complete agreement with those of the a-D anomer reported in the litera- 
ture®. 





SYNTHESIS OF C-a@-D-RIBOFURANOSYL COMPOUNDS 


TABLE Il 
SYNTHESIS OF C-D-RIBOFURANOSYL COMPOUNDS 2-6 


Nucleophile Solvent Product Yield (%) RatioatoB 





Me,-C(OSiMe,)=CH, (MeO),C,H, 93 99:1 
Ph-C(OSiMe,)=CH, (MeO),C.H, 97 100:0 
C,H,-OSiMe, (MeO), C,H, 93 96:4 
Me,Si-CH,-CH=CH, (MeO),GH, 90 100:0 
Me,SiCN (MeO),C,H, 97 63:37 
Me,SiCN Et,O 93 93:7 


Similarly, the a-D anomers 3@ and 4a@ were stereoselectively obtained in ex- 
cellent yields in the case of the silyl enol ethers derived from acetophenone and 
cyclohexanone. Also, the a-D anomer 5 was exclusively prepared by employing 
4,4-dimethyl-4-sila-1-pentene as a C-nucleophile under the same reaction condi- 
tions (Table II). The structure of this compound was confirmed by debenzylation 
by hydrogenolysis, followed by benzoylation to afford the O-benzoyl-C-a-D-ribosy| 
compound 7 which was identical with a sample prepared by hydrogenation of the 
C-allyl-O-benzoyl-a-D-ribosyl compound 8. 


BzO Oo BzO Oo 
. ae wos ba ent Les 
BzO OBz BzO OBz 


7 8 


The reaction of 1 with trimethylsilyl cyanide under the same reaction condi- 
tions afforded an anomeric mixture, but the a-D anomer 6a@ could be obtained 
stereoselectively by performing the reaction in ether solvent (Table II). 

In the catalytic cycle (Scheme 1), trityl perchlorate activates 1 to generate the 
intermediate ion pair 9 and trityl acetate. This intermediate smoothly reacts with a 
trimethylsilylated nucleophile to give the C-ribofuranosyl compound 10 and tri- 
methylsilyl perchlorate, which immediately reacts with trityl acetate to regenerate 
trityl perchlorate. 

We have recently demonstrated the new possibilities of various trityl salts in 
synthetic reactions*~>-’. In these reactions, trityl salts effectively activate acyloxy 
groups of anomeric centers, alkoxy groups of acetals, aldehydes, or a,B-unsatu- 
rated ketones. The characteristic point of trityl salts, compared with other Lewis 
acids such as titanium tetrachloride, borontrifluoride, and tin tetrachloride, is that 
the reactions are effectively promoted by catalytic use. In order to develop a more 
efficient catalyst with wider applicability directed to synthetic control, the trityl 
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Me, Si-Nucleophile 


Nucleophile 


Me,Si Cl O, 


cation was immobilized on a polymer to prepare a polymer-bound trityl per- 
chlorate*, which was used for the synthesis of C-a-D-ribofuranosyl compounds. The 
polystyrene-bound triphenylmethanol 11 (ref. 9) was converted into the per- 
chlorate salt 12 by treatment with perchloric acid in acetic anhydride; quantitative 
analysis® indicated that ~7% of the aromatic rings of polystyrene were converted 
into a perchlorate salt. 


Styrene-2% divinylibenzene 
copolymer 


The C-glycosylation reaction was carried out in a flow system with the im- 
mobilized catalyst 12 packed in a glass-tube column. The dichloromethane solution 
of 1 and the trimethylsilyl enol ether of tert-butyl methyl ketone was charged onto 
the column and 2 was instantly obtained at the bottom (yield, 86%; ratio a@ to B, 
24:1). Thus, C-a-D-ribofuranosyl compounds were successfully obtained in good 
yield by the flow-type reaction. This method has the practical advantage that the 
resulting compounds are separated quickly from the reaction system and that the 
catalyst is re-used. 





SYNTHESIS OF C-a@-D-RIBOFURANOSYL COMPOUNDS 
EXPERIMENTAL 


General. — Melting points were uncorrected. Optical rotations were meas- 
ured with a Jasco DIP-181 digital polarimeter. 'H-N.m.r. spectra for solutions in 
CDCI, were recorded with a Varian EM-390 spectrometer, and '°C-n.m.r. spectra 
for solutions in CDCI, with a Jeol FX-90Q FT spectrometer. Column chromatog- 
raphy was performed on Silica gel 60 (Merck) or Wakogel C-200. 

Trityl perchlorate was prepared by the method of Dauben et al.'° and purified 
by that of Kochetkov et al/.''!. 1,2-Dimethoxyethane (DME) was distilled from 
LiAlH, before use. Polystyrene-bound trityl alcohol 11 was prepared according to 
a known method? from commercially available macroporous styrene-—2% divinyl- 
benzene copolymer (Mitsubishi Kasei Co.; DIAITON HP-50). 

1-O-Acetyl-2,3,5-tri-O-benzyl-B-D-ribofuranose (1). — To a solution of 2,3,5- 
tri-O-benzyl-D-ribofuranose (10 mmol) in pyridine (15 mL) was slowly added acetic 
anhydride (10 mL) at 0°. The mixture was stirred overnight at room temperature 
and was poured into a cold M HCl solution. The aqueous layer was extracted with 
ethyl acetate and the organic layer washed successively with aqueous CuSQO,, water, 
aqueous NaHCO,, and water, dried, and concentrated under reduced pressure. 
The residue was purified by silica gel column chromatography to give 1 (quant.), 
[a]5° +59° (c 1.0, chloroform); 'H-n.m.r.: 5 1.90 (s, 3 H), 3.50-3.70 (m, 2 H), 
3.75-4.05 (m, 2 H), 4.10-4.70 (m, 7 H), 6.10 (s, 1 H), and 6.70—7.70 (m, 15 H); 
3C-n.m.r.: 621.0, 98.9 (C-1), and 169.5. 

Anal. Calc. for C,gH3)0,: C, 72.71; H, 6.54. Found: C, 73.00; H, 6.73. 

General procedure for the preparation of C-a-D-ribofuranosyl compounds. — 
Trityl perchlorate (15 wmol, 5 mg) was dried in vacuo for 1 h. To this was added 
the mixture of 1 (0.3 mmol, 139 mg) and a trimethylsilylated nucleophile (0.5 
mmol) in 1,2-dimethoxyethane or ether (4 mL) at 0° under Ar. The mixture was 
stirred for 0.5—1 h at 0°. Phosphate buffer (pH 7) was added and the aqueous layer 
extracted with ether. The organic layer was dried, the solvent removed under re- 
duced pressure, and the residue chromatographed on silica gel. 

3,3-Dimethyl-1-(2,3,5-tri-O-benzyl-a-D-ribofuranosyl)-2-butanone (2a). — 
[a]Z° +35° (c 1.0, chloroform); 'H-n.m.r.: 6 1.05 (s, 9 H), 2.95 (dd, 1 H, J 5 Hz), 
3.00 (dd, 1 H, J 8 Hz), 3.50 (m, 2 H), 3.95-4.85 (m, 10 H), and 7.00—7.40 (m, 15 
H); C-n.m.r.: 6 26.4, 37.3, 44.1, 70.2, 72.7, 73.4, 73.6, 76.5, 77.8, 79.1, 80.3, and 
214.5 

Anal. Calc. for C,,H3,0,: C, 76.46; H, 7.62. Found: C, 76.35; H, 7.66. 

2-(2,3,5-Tri-O-benzyl-a-D-ribofuranosyl)acetophenone (3a). — [a]p* +38° (c 
1.1, chloroform); 'H-n.m.r.: 63.25 (dd, 1 H, J 6, 17 Hz), 3.55 (dd, 1 H, J 5, 17 Hz), 
3.45-3.65 (m, 2 H), 3.95-4.85 (m, 10 H), 6.95—7.55 (m, 18 H), and 7.80—8.00 (m, 
2 H); ?C-n.m.r.: 6 39.2, 70.3, 72.8, 73.5, 73.6, 76.7, 78.0, 79.6, 80.2, and 198.6. 

Anal. Calc. for C,,H;,0;: C, 78.14; H, 6.56. Found: C, 78.19; H, 6.43. 

2-(2,3,5-Tri-O-benzyl-a-D-ribofuranosyl)cyclohexanone (4a). — Less polar 
isomer. M.p. 60.5-61.0°, [a]§* +57° (c 1.0, chloroform); 'H-n.m.r.: 6 1.15-2.60 
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(m, 8 H), 2.70-3.10 (m, 1 H), 3.35—3.75 (m, 2 H), 3.95-4.90 (m, 10 H), and 7.10— 
7.40 (m, 15 H); ’C-n.m.r.: 6 25.0, 28.6, 31.8, 42.6, 51.0, and 212.4 

Anal. Calc. for C;,H,O;: C, 76.77; H, 7.25. Found: C, 76.76; H, 7.26. 

More polar isomer. [a]%° +17° (c 1.1, chloroform); 'H-n.m.r.: 6 1.30—2.45 
(m, 8 H), 2.70—-3.05 (m, 1 H), 3.50—3.70 (m, 2 H), 3.95—5.05 (m, 10 H), and 7.10— 
7.45 (m, 15 H); °C-n.m.r.: 6 24.4, 28.1, 30.0, 42.2, 52.0, and 211.3. 

Anal. Calc. for C;,H,;,0;: C, 76.77; H, 7.25. Found: C, 76.06; H, 7.16. 

Epimerization of 2@ to give 3,3-dimethyl-1-(2,3,5-tri-O-benzyl-a-D-ribo- 
furanosyl)-2-butanone (2B). — The procedure of Ohrui et al.° was employed. Treat- 
ment of 2@ (0.3 mmol, 150 mg) with 0.1M sodium methoxide gave a mixture of 2a@ 
(63 mg) and 2B (87 mg) (yield, 84%; ratio a to B, 21:29). 

2B. M.p. 30-31°, [a]%° +27° (c 1.0, chloroform); 'H-n.m.r.: 6 1.05 (s, 9 H), 
2.55 (dd, 1 H, J 5, 17 Hz), 2.70 (dd, 1 H, J 7, 17 Hz), 3.45-4.65 (m, 12 H), and 
7.15-7.45 (m, 15 H); °C-n.m.r.: 6 26.1, 40.4, 44.2, 70.1, 71.6, 71.7, 73.4, 76.8, 
77.6, 80.0, 80.8, and 213.3. 

Anal. Calc. for C;,H3,0;: C, 76.46; H, 7.62. Found: C, 76.44; H, 7.80. 

Similarly, the B-D anomers 38 and 4B were obtained and the chemical shifts 
of the methylene or methine group carbon atom in position a to the carbonyl group 
are reported in Table I. 

3-(2,3,5-Tri-O-benzyl-a-D-ribofuranosyl)-1-propene (5). — M.p. 55.5-56.0°, 
[a]A* +49° (c 1.0, chloroform); 'H-n.m.r.: 6 2.35-2.65 (m, 2 H), 3.45-3.65 (m, 2 
H), 3.90-4.30 (m, 4 H), 4.30-4.80 (m, 6 H), 4.80—5.20 (m, 2 H), 5.50—6.60 (m, 1 
H), and 7.10-7.45 (m, 15 H); °C-n.m.r.: 6 34.3, 70.3, 72.7, 73.3, 73.4, 77.9, 79.6, 
80.1, 80.3, 116.6, and 138.1. 

Anal. Calc. for C,9>H3,0,: C, 78.35; H, 7.25. Found: C, 78.47; H, 7.28. 

1-(2,3,5-Tri-O-benzoyl-a-D-ribofuranosyl) propane (7). — Debenzylation of 
5 by hydrogenolysis in the presence of Pd—C, followed by benzoylation in the usual 
manner (benzoyl chloride—pyridine) afforded 7, [a]* +110° (c 0.47, chloroform); 
'H-n.m.r.: 6 0.95 (t, 3 H, J 6.6 Hz), 1.15-2.00 (m, 4 H), 4.30-4.80 (m, 4 H), 5.60- 
5.95 (m, 2 H), 7.15—7.70 (m, 9 H), and 7.70-8.15 (m, 6 H). The optical rotation 
and 'H-n.m.r. data were consistent with those of an authentic sample prepared by 
hydrogenation (H,; Pd—C) of 3-(2,3,5-tri-O-benzoyl-a-D-ribofuranosyl)-1-propene* 
(8). 

Anal. Calc. for C,9>H5,0,: C, 71.30; H, 5.78. Found: C, 71.28; H, 5.67. 

2,3,5-Tri-O-benzyl-a-D-ribofuranosyl cyanide (Ta). — [a]é* +73° (c 1.0, 
chloroform); lit.!* [a]%° +70° (c 1, chloroform); 'H-n.m.r.: 6 3.25—3.45 (m, 2 H), 
3.75—4.70 (m, 10 H), and 6.70—7.40 (m, 15 H); °C-n.m.r.: 6 68.6, 69.2, 72.6, 73.4, 
73.5, 77.0, 77.9, 83.1, and 116.5. 

Procedure for the preparation of C-D-ribofuranosyl compounds by use of 
polymer-supported trityl perchlorate (12) packed in a glass-tube column. — Poly- 
styrene-bound triphenylmethanol (11; 60 mg) and chopped glass fiber (300 mg) was 
packed in a glass column (3 mm diam.). A solution of 70% HClO, (500 mg) in 
acetic anhydride (2 mL) was slowly passed through the column. The column was 
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washed successively with acetic anhydride (2 < 1 mL) and dichloromethane (2 x | 
mL), and dried in vacuo. The mixture of 1 (0.15 mmol) and a trimethylsilyl nucleo- 
phile (0.25 mmol) in dichloromethane (2 mL) was charged onto the column and the 
crude C-pD-ribofuranosyl compound was obtained at the bottom. It was chromatog- 
raphed on silica gel to afford the pure a-D compound. 
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ABSTRACT 


Tetrakis(triphenylphosphine )palladium(0) effects the regio- and stereo-selec- 
tive alkylation of 2-acetoxy-5,6-dihydro-2H-pyrans and 1-S-acetyl-1-thiohex-2- 
enopyranosides. Use of stabilized carbanions resulted in the formation of alkylated 
dihydropyrans with net retention at the oxygen-bearing carbon atom. Examples 
include the preparation of 2-[acetamidobis(ethoxycarbonyl)methyl|-5 ,6-dihydro-2H- 
pyran, 2-[acetamidobis(methoxycarbonyl)methyl]-6-ethoxy-5 ,6-dihydro-2H-pyran, 
and 2-[acetamidobis(methoxycarbonyl)methyl]-6-methoxymethyl-5 ,6-dihydro-2H- 
pyran. Use of nonstabilized carbanions, such as arylzinc chlorides, resulted in the 
formation of alkylated dihydropyrans and C-glycosyl compounds with net inversion 
at the oxygen-bearing carbon atom. Examples include the preparation of 2-[(6- 
ethoxy-5,6-dihydro-2H-pyranyl)methyl]-4,4-dimethyl-2-oxazoline, trans-methoxy- 
methyl-2-phenyl-5 ,6-dihydro-2H-pyran, trans-methoxymethyl-2-vinyl-5 ,6-dihydro- 
2H-pyran, trans-2-[2,2-bis(ethoxy)ethyl]-6-methoxymethyl-5 ,6-dihydro-2H-pyran, 
(4,6-di-O-methyl-2 ,3-dideoxy-a-D-erythro-hex-2-enopyranosyl)benzene,  (2,3-di- 
deoxy-4,6-di-O-methyl-8-D-erythro-hex-2-enopyranosyl)benzene, 1-(2,3-dideoxy- 
4,6-di-O-methyl-a- and -8-D-erythro-hex-2-enopyranosyl)naphthalene, 4-(2,3-di- 
deoxy-4,6-di-O-methyl-a- and -8-D-erythro-hex-2-enopyranosyl)toluene, and 1- 
(2,3,6-trideoxy-4-O-methyl-a-L-erythro-hex-2-enopyranosyl)naphthalene. 


INTRODUCTION 


C-Glycopyranosyl-containing natural products have been the focus of in- 
creasing synthetic interest. Due to the varying complexity of the synthetic targets, 
methods have been developed which can be categorized by the method used to 
construct the C-glycosyl unit?. Some groups have utilized stereocontrolled 
procedures to construct the pyranoside ring with the requisite carbon bond to C-1 
of the eventual pyranosyl residue intact, prior to ring formation. These include the 


*Palladium-assisted Reactions, part III. For part II, see ref. 1. 
‘Author for correspondence. 
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elegant hetero Diels-Alder condensation*~°, and ring closure methods following 
Wittig condensations® or asymmetric epoxidation’. In contrast, the readily available 
chiral pool of pyranosides has made it increasingly attractive to construct the 
carbon-carbon bond directly to C-1 of an intact pyranosyl residue. Current 
examples include the enolate Claisen rearrangement applications*, glycosyllithium 
additions?~', glycosyl-radical trapping with alkenes", nucleophilic displacements 
on glycal methanesulfonates'’, several variations of Lewis acid or metal-mediated 
generation of the oxocarbenium ions, followed by nucleophilic addition'®~°, allyl- 
stannane coupling with glycosyl halides?’, and organometallic methods utilizing 
iron’, manganese”’, and palladium(II) addition—-elimination methods*”-*. 

As part of our interest in the development of palladium-controlled 
functionalization of carbohydrates*’, we reasoned that a nucleophilic palladium(0) 
reagent-controlled, C-glycosylation method would offer additional versatility and 
generality in complementing these above-mentioned methods, whose stereo- 
selectivity depends largely on control by the carbohydrate substrate. A reagent- 
controlled o@ or B selective C-glycosylation using tetrakis(triphenylphosphine)- 
palladium(0) [Pd(PPh,),] was predicted to be highly stereoselective, based on the 
elegant work of Trost***> demonstrating that stabilized carbanions react with in- 
version on carboxylic z-allyl complexes, while Matsushita and Negishi*® showed 
that organozinc halides react with carbocyclic z-allylpalladium complexes with 
retention. Our preliminary studies verified that the same stereoselectivity could be 
realized in the alkylation of substituted acetoxydihydropyrans, and furthermore 
the alkylation was completely regioselective, occurring exclusively at the ring 
oxygen-bearing carbon atom!. 

Herein we describe additional details of the alkylation of dihydropyrans and 
the successful extension of these results to the synthesis of substituted (hex-2- 
enopyranosyl)arenes. These compounds were chosen as model compounds 
representing more complex synthetic targets which would be converted to C- 
glycosyl analogs of 11-deoxydaunomycinone and possibly aklavinone*’. Such a 
method would allow preparation of these analogs by direct attachment of an intact 
aglycon nucleophile to a rhamnal-derived palladium complex, as compared to the 
procedure recently reported by Acton et a/.** in which the D ring was constructed 


MeOCHp> 
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C(NHAc)(CO,Et), , R® 


C(NHAc)(CO,Me)>, R©° = 
= R* = H,R* = CINHAc)(CO,Me),,R 


2 
C(NHAc) (CO,Me), ,R° = R° = H,R = CH,OMe 


= H,R® = C(NHAc)(CO,Me), ,R = CH,OMe 

= H,R* = Ph,R°>=OEt 

R° = R R° = OEt 

=H,R = (4,4-dimethyl-2-oxazolin-2-yl)methy!,R = OEt 
(4,4-dimethyl-2-oxazolin-2-yl)methy!,R = H.R = OEt 

=H,R = Ph,R- = CH,OMe 

= H,R° = CH =CH 3,R*® = CH,0Me 


= H,R°= CH2CH(OEt)> ,R° = CH,OMe 


“a 
a! 
R’ 
af 
R 
a’ 
a’ 
a! 
x 
J 
x 
a! 
a! 


CHCH(OEt),,R° = R*= H,R° = CH,OMe 


25 = = H.R = SAc 

26 . = 1-naphthy!,R’ = H 
27 H,R = 1-naphthy! 

28 = 1-naphthy!,R’ = H 

29 = H.R’ = p-tolyl 


30 = p-tolyl,R = mM 


by use of a Diels—Alder reaction of an ABC ring dienophile with a daunosamine- 
containing 2,4-pentadiene. Such C-glycosyl analogs are resistant to metabolic deac- 
tivation by reductive deglycosylation, and, as a result, possibly will have an in- 
creased therapeutic potential’. 


RESULTS AND DISCUSSION 


Initial experiments to effect palladium(0)-catalyzed C-glycosylation were 
attempted on acetylated carbohydrate glycals. Attempts to alkylate the readily 
avaiable 3,4,6-tri-O-acetyl-1,5-anhydro-2-deoxy-D-arabino-hex-1-enitol or 3,4-di- 
O-acetyl-1,5-anhydro-2,6-dideoxy-L-arabino-hex-1-enitol in either oxolane or N, N- 
dimethylformamide in the presence of tetrakis(triphenylphosphine)palladium(0) 





92 L. V. DUNKERTON, J. M. EUSKE, A. J. SERINO 


{Pd(PPh,),] and triphenylphosphine (PPh), according to methodology developed 
by Trost, were unsuccessful, with nearly quantitative recovery of the starting 
glycal. This failure to undergo allylic alkylation was not surprising in view of the 
lack of examples of alkylation of enolether allylic acetates in which the oxygen 
atom is attached at the terminus of the allylic double bond. To our knowledge, such 
allylic acetates do not undergo nucleophilic attack by palladium because they are 
too electron rich. This result was also consistent with the observation of Trost and 
Keinan*! who found a poor yield and, also, that significantly longer reaction times 
were required to alkylate a 2-ethoxyallylic acetate. Our attention then turned to 
the alkylation of electron-deficient allylic acetates. Owing to the lack of readily 
available 1-O-acetylhex-2-enopyranoses, initial experiments were carried out on 
acetoxydihydropyrans in order to define the scope and stereochemical results of 
the C-glycosylation. The dihydropyranyl acetates 4—6 were prepared by a modifica- 
tion of the method of Hurd and Edwards*® using lead tetraacetate. It was found 
that the yield of the desired 2-acetoxy-5,6-dihydropyran (4) could be increased 
relative to that of 4-acetoxy-5,6-dihydro-4H-pyran when the reaction was carried 
out at —5—0° in benzene with lead tetraacetate free of residual acetic acid. Thus, 
the reaction of each dihydropyran 1-3 afforded the corresponding 2-acetoxy- 
dihydropyrans 4-6 in the range of 45-50%. When the reaction was performed at 
—5-—0°, the product was usually contaminated with only up to 20% of its allylic 
isomer. The preponderant stereoisomers formed under these reaction conditions 
were the cis acetoxylated products 5 and 7 with the overall cis stereoselectivity 
greatest for acetoxylation of the methoxymethyldihydropyran 3. The steric struc- 
tures were determined by comparison of the 'H- and °C-n.m.r. spectra of the cis 
and trans isomers. In all cases, the less shielded C-2 and C-6 signals of the '°C- 
n.m.r. spectrum were assigned to the cis isomer in accordance with the expected 
y-gauche effect previously observed in cyclohexanes and also in C-glycopyranosyl 
compounds*’. The pertinent spectral data used to identify each stereoisomer are 
shown in Table I. 

When the lead tetraacetate acetoxylation procedure of Hurd and Edwards” 
was attempted on 3-deoxyglycals, only skeletal rearrangement products were 


TABLE I 
STEREOCHEMICAL ASSIGNMENTS OF DIHYDROPYRANYLACETATES 


Reactant Products N.m.r. data® 
(ratio) 


5 H-2, multiplicity, J, ; (Hz) 


4 6.24—-6.09 m 
5, 6 (3:1) ; 6.401, ddd, 0.8 
™ 6.34-6.32, m 9 (whh) 
3 7,8 (>20:1) 6.423, ddd, 1.6 


“For a solution in CDCl,. 
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isolated. Consequently, the desired 1-O-acetylhex-2-enopyranoses 9 and 10 were 
prepared by a procedure described by Fraser-Reid et al.“*. Thus, either ethyl 2,3-di- 
deoxy-4,6-di-O-methyl-a-D-erythro-hex-2-enopyranoside or 1,5-anhydro-2-deoxy- 
3,4,6-tri-O-methyl-D-arabino-hex-1-enitol were treated with acetic anhydride and 
boron trifluoride etherate in benzene to afford the 1-O-acetyl-2,3-dideoxy-4,6-di-O- 
methyl-D-erythro-hex-2-enopyranoses 9 and 10 in a 1:1 ratio. Chromatographic 
separation of these anomers was not possible without accompanying allylic isomeri- 
zation. Variation in the reaction temperature and time did not improve the 
stereoselectivity in favor of either anomer. Consequently, we have developed a 
method to prepare stereo- and regio-selectively 1-S-acetyl-2 ,3-dideoxy-1-thio-B-D- 
erythro-hex-2-enopyranoses which serve as adequate synthetic equivalents to 1-O- 
acetylhex-2-enopyranoses. They can also be prepared in a more stereo- and regio- 
selective fashion and seem to be stable to silica gel chromatography and amenable 
to anomer separation*. 

The palladium(0)-catalyzed C-glycosylation of dihydropyranyl acetates 4-8 
was carried out with a variety of stabilized and nonstabilized carbanions. Several 
adducts were prepared and the results are summarized in Table II. With a stabilized 
carbanion and the acetoxydihydropyran in N,N-dimethylformamide, the use of 10 
moles percent of Pd(PPh,), and 1 mole percent of triphenylphosphine at 60—70° for 
12 h led to the formation of the alkylated dihydropyran with net retention of con- 
figuration. The yields of isolated products, after chromatography on silica gel, were 
in the range of 65—98%, based on the allylic acetate. When dihydropyranyl acetate 
7 was stirred with N, N-dimethylformamide in the presence of 10 moles percent of 
Pd(PPh,), for 2 h prior to the addition of triphenylphosphine or carbanion, the 
major project isolated with dimethyl sodio(acetamido)malonate was the trans 
isomer 16, the product of net inversion. This result suggested that the intermediate 


TABLE II 


Pd(0)-CATALYZED ALKYLATION OF DIHYDROPYRANYL ACETATES 


Reactants Carbanion Method? Products 
(ratio) 


4 NaC(NHAc)(CO,Et), 12 

5§ + 6(3:1) NaC(NHAc)(CO,Me), 13, 14 (3:1) 85 
7 NaC(NHAC)(CO,Me), 15 90 
7 NaC(NHAc)(CO,Me), ‘ 16 88 
5 + 6(3:1) PhZnCl 17 + 18 (3:1) 98 
5 + 6(3:1) Me,C,H,NOCH,ZnCl 19 + 20 (3:1) 42 
7 PhZnCl 21 94 
7 CH,=CHZnCl 22 97 
5 + 6(3:1) CH(OEt),CH,ZnCl 23 + 24(3:1) 79 


“Method A: (a) Pd(PPh,), (0.1 equiv.), PPh, (1 equiv.), N,N-dimethylformamide, room temperature, 
20 min; (b) carbanion, 70°, 18 h. Method B: (a) Pd(PPh,), (0.05 equiv.), oxolane, room temperature, 
15 min; (b) RZnCl oxolane, room temperature, 6 h. “Yield based on acetate, after chromatography. 


“See text. 
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TABLE III 
STEREOCHEMICAL ASSIGNMENTS OF ALKYLATED DIHYDROPYRANS BY N.M.R. SPECTROSCOPY® 
Compd. 8"C 5/H-2 

C-6 


76.81 64.16 4.935-4.914 
77.74 98.61 5.059 
71.14 95.60 5.030 
77.73 69.40 5.105 
69.66 69.42 5.084 
70.43 95.79 5.220 
65.37 95.25 4.56-4.52 
71.38 98.32 4.58-4.54 
73.99 66.54 5.30 
73.19 66.80 4.69 
65.08 66.47 4.99 
69.43 70.73 


“For solutions in CDCl,. °At 318 K. ‘Could not be determined. 


palladium—dihydropyranyl complex had isomerized prior to alkylation, a result 
which had previously been observed for carbocyclic z-allylpalladium complexes. In 
further experiments, it was verified that the cis, trans equilibration of dihydro- 
pyranyl acetate 7 only occurred in N,N-dimethylformamide, and did not occur in 
oxolane. There is a possibility that the mechanism of the alkylation in these two 
solvents is different, but at present no experiments have been performed that verify 
this postulate. This isomerization in N,N-dimethylformamide is an example of 
reagent-controlled stereoselectivity, and enables the preparation of either stereo- 
isomer from the same starting dihydropyranyl acetate 7. 

The structures of each of the alkylated dihydropyrans were confirmed by 
n.m.r. spectrometry, primarily on the basis of 'H-chemical shifts and coupling 
constants associated with H-2 and the gamma-gauche effect on C-2 and C-6 in each 
of the adducts. Comparative spectral data for the various adducts are summarized 
in Table III. Each cis adduct exists primarily in a single conformation, whereas the 
trans adducts equilibrate between their two half-chair forms and show some 
temperature dependence in their n.m.r. spectra. 

When nonstabilized carbanions were used, such as phenylzinc chloride or 
allylzinc chloride, the products formed resulted from net inversion, which is con- 
sistent with transmetallation of the organozinc reagent to palladium, followed by 
reductive elimination with retention of configuration. Again, the structure of each 
of these adducts was verified by spectral comparisons with those of previously 
described compounds, and a good correlation was obtained for the chemical shifts 
and coupling constants, even in the absence of any minor isomers. These palladium- 
assisted alkylations of dihydropyranyl acetates are completely regio- and stereo- 
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TABLE IV 
Pd(0)-CATALYZED C-GLYCOSYLATION WITH ARYLZINC CHLORIDES 


Reactants ArZnCl Products Yield 
(ratio) (ratio) (% )4 


9 + 10(1:1) Phenyl 25 + 26(1:1) 30 
11 + a (86:14) 1-Naphthyl 27 + 28 (86:14) 16 
11 + a(93:7) p-Tolyl 29 + 30 (94:6) 21 
11 + a (72:28) p-Tolyl 29 + 30 (75:25) 21 
31 1-Naphthyl 32 23 


“Based on carbohydrate reactant. 


selective, and the stereoselectivity thus far observed has been found to be identical 
with that for alkylations of carboxylic allylic acetates. 

These stereo- and regio-selective alkylation reactions were extended to the 
preparation of aryl-substituted hex-2-enopyranosides. Thus either 1-O- or 1-S- 
acetylhex-2-enopyranosides could be converted into their corresponding C-glycosy] 
arenes by treatment with their respective arylzinc chloride in the presence of 
Pd(PPh,), in oxolane for 5—6 h at room temperature, affording a moderate yield of 
their respective (hex-2-enopyranosyl)arenes. These reactions were completely 
stereoselective, each 1-S-acetyl-1-thio-8-D-hex-2-enopyranose being converted into 
the corresponding a-D-glycosylarene with net inversion of configuration at C-1. The 
reaction was also completely regioselective in favor of alkylation exclusively at C-1. 
Although the present yields are only moderate (20-30%) based on thioacetate, 
they represent the yield after both column and liquid chromatographic separation, 
and the reaction seems reproducible on both a small and medium scale. We 
are currently in the process of optimizing the yield with respect to both the catalyst 
and the ratio of nucleophile to thioacetate. The quality of the palladium catalyst in 
this reaction was especially crucial to its reproducibility. The results for each of 
these reactions are summarized in Table IV, and the relevant spectroscopic data on 


TABLE V 
STEREOCHEMICAL ASSIGNMENTS OF GLYCOSYLARENES 


Compd. N.m.r. data* 


1H 6H-! (J, >) BC §C-] 13C §C-5 ] [a\f° b 
(degrees) 


5.28 (2.0) 74.06 70.21 
5.16 (1.6) 77.49 72.21 
5.92 (4) 71.75 70.35 
5.23-5.30 (4) 74.08 69.89 
5.91-5.97 (4) 77.99 67.36 


“For solutions in (7H)chloroform. J values in hertz. °For solutions in chloroform. “Value unavailable. 
4Broad singlets, whh ~5-10 Hz varying with temperature. 
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which the stereochemical assignments are based are shown in Table V. In the ab- 
sence of any crystalline products from this reaction to date, we have based our 
stereochemical assignments on comparative data including 'H- and %C-n.m.r. 
spectrometry and specific rotation. The chemical shifts and coupling constants for 
H-1 are in accord with each product assigned as the a-D anomer. The ‘J;., ,, data 
are included in Table V primarily to indicate that the close proximity of the values 
strongly supports the assignment of the same stereoisomer from each reaction. 
These coupling-constant values are reasonable for a anomers when compared to 
other data for substituted pyranosides, considering the differences in the electro- 
negativity of various substituents and the possible effects of the double bond on the 
dihedral angle between the O-H bond and the oxygen atom lone-pairs*®. The 
specific rotation for each a-D anomer agrees with the rotation reported for a com- 
parable a-D-glycosylbenzene prepared by Czernecki and Dechavenne*!. Our data 
are consistent with the observation that each C-a-D-glycosyl compound exists as a 
mixture of equilibrating 9H; and °H, conformers. The observed gamma-gauche 
effect for the phenyl anomers was also useful in helping to assign the steric structure 
of other a-D-glycosylarenes when only one isomer was formed in the reaction. 
Thus, we have demonstrated that nucleophilic substituents can be directly attached 
to C-1 of carbohydrates by a method in which the stereo- and regio-chemical out- 
come of the reaction is controlled by both the reactant and the substrate. 


EXPERIMENTAL 


General methods. — Optical rotations were measured with a Rudolph 
Autopol III polarimeter. I.r. spectra were recorded with a Perkin-Elmer 281 or a 
Nicolet F.t.i.r. spectrometer. N.m.r. spectra were recorded for solutions in 
(7H)chloroform with either Varian XL-100, Varian XL-200, Nicolet-200, or Bruker 
WM.-500 spectrometers; 'H-n.m.r. spectra are reported referenced to the signal of 
internal tetramethylsilane at 100, 200, or 500 MHz; '°C-n.m.r. spectra were 
recorded at 25.2, 50.3, or 125.7 MHz and are referenced to the signal of 
(7H)chloroform (677.00); multiplicities from off-resonance decoupling experiments 
are in agreement with the assignments, and 'J values were obtained in the gated 
mode. Mass spectra were obtained with either a Hewlett-Packard 5985 low-resolu- 
tion or a Kratos MS-80 medium-resolution mass spectrometer in either the low- 
resolution electron impact (e.i.) or chemical ionization (c.i., methane) mode, or in 
the high-resolution mode with peak matching to perfluorokerosene. T.l.c. and 
column chromatography were performed on Silica gel GF, , (230-400 mesh, 
Merck). Analytical l.c. (7 MPa) was performed in a 30-cm Waters 5-u Microporasil 
column and semipreparative l.c. with a 50-cm Whatman Magnum 9 silica column. 
Conventional processing signified the drying of organic solutions (Na,SO,), filtra- 
tion, and concentration under diminished pressure. All solvents were distilled 
shortly before use from an appropriate drying agent. Ether, oxolane, and benzene 
were distilled from sodium metal in the presence of diphenylketyl anion. ZnCl, was 
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dried by flaming in vacuo (1 mm). All air-sensitive reactions were performed under 
an atmosphere of Ar. Tetrakis(triphenylphosphine)palladium(0) was purchased 
from Aldrich or prepared according to the procedure of Coulson*’. 

2-Acetoxy-5,6-dihydro-2H-pyran (4) and 4-acetoxy-5,6-dihydro-4H-pyran 
(33). — A modification of the procedure of Hurd and Edwards* was used to 
prepare 4. Lead tetraacetate (Aldrich) was dried in vacuo to a fine (white to beige) 
powder and stored under strictly anhydrous conditions. To a mechanically stirred 
solution of 3,4-dihydro-2H-pyran (1; 9.22 g, 0.11 mol) in dry benzene (110 mL), at 
—5° under N,, was added anhydrous lead tetraacetate (44 g, 0.99 mol) in small 
portions over | h during which the reaction temperature was kept at or ~0° with an 
ice—salt bath. About 15 min after the final portion of lead tetraacetate had been 
added, the mixture was allowed to warm temperature with stirring continued for an 
additional 15 min. The mixture was filtered through a bed of Filter Aid and the 
filter pad rinsed with dry benzene. The combined benzene filtrates were evaporated 
in vacuo to give crude 4 which was purified by vacuum distillation (1.2 Pa) to give 
a ~9:1 mixture of 4 and 33 (7.04 g, 45%); b.p. 37° (1.2 Pa); vSH#C 2990, 2980 (CH), 
1750 (C=O), 1360, 1260, and 1070 cm~! (C—O); 'H-n.m.r. (4; 100 MHz): 6 6.24— 
6.09 (m, J 10 Hz, H-2,3), 5.82-5.65 (m, J 10 Hz, H-4), 3.98-3.86 (m, J 10.4 Hz, 
H-6,6’), 2.65—1.86 (m, H-5,5’), and 2.14 (s, OCOCH,); °C-n.m.r. (4; 25.2 MHz): 
5 168.52 (C=O), 129.33 (C-3), 122.98 (C-4), 87.90 (C-2), 57.27 (C-6), 24.78 (C-5), 
and 21.88 (COCH,); m.s. (e.i.; 200°): m/z 142.1 (3.2%; M*) and 82.1 (39%; M — 
HOAc); C-n.m.r. [33; 25.2 MHz, (CD,),SO]: 6 169.58 (C=O), 147.88 (C-2), 
99.38 (C-3), 61.89, 61.59 (C-4,6), 27.98 (C-5), and 20.86 (COCH;). 

2-Acetoxy-6-ethoxy-5,6-dihydro-2H-pyrans (5 and 6) and 4-acetoxy-2-ethoxy- 
3,4-dihydro-2H-pyran (34). — Following the procedure for the preparation of 4, 
2-ethoxy-3,4-dihydro-2H-pyran (Aldrich; 47.8 g, 373 mmol) was treated with lead 
tetraacetate (149 g, 336 mmol) at 0°, followed by vacuum distillation (0.8 Pa) of the 
crude product to give >20:1 ratio of 5 plus 6 and 34 (32.0 g, 46%, 5:6 ~3:1); b.p. 
54-58° (0.8 Pa); vilm 3045 (C=CH), 2980, 2960, 2900 (CH), 1740 (C=O), 1340, 
1290, and 1120 cm! (C—O); 'H-n.m.r. (5; 500 MHz): 6 6.401 (ddd, J 3.8, 1.6, and 
0.8 Hz, H-2); 5.981 (dddd, J 10.0, 5.2, 2.8, 1.2 Hz, H-4), 5.714 (dddd, J 10.0, 2.8, 
2.7, 1.6 Hz, H-3), 4.961 (ddd, J 7.8, 3.8, 0.6 Hz, H-6), 3.917 (ddd, J 9.6, 7.1, 7.1, 
7.1 Hz, OCH), 3.538 (dddd, J 9.6, 7.1, 7.1, 7.1 Hz, OCH), ~2.3 (m, H-5b), 2.242 
(dddd, J 7.8, 2.8, 2.7, 1.5 Hz, H-Sa), 2.074 (s, OCOCH,), J, ; 1.6, J, 3.8, J, 40.8 
or 1.2, J; , 10, J;4, 2.7 or 2.8, J4 54 5.2, J4.5, 2.7 or 2.8, and J, , 7.8 Hz; °C-n.m.r. 
(5; 25.2 MHz): 6 168.16 (C—O), 127.19 (C-3), 122.83 (C-4), 94.72 (C-6), 89.89 
(C-2), 64.21 (OCH,), 30.78 (C-5), 21.82 (COCH,), and 15.77 (CH;); 'H-n.m.r. (6; 
500 MHz): 6 6.34-6.32 (m, whh 9 Hz, H-2); 6.06-6.02 (m, H-4), 5.77-5.74 (m, 
H-3), 5.03—5.01 (m, H-6), 3.83—3.77 (m, OCH), 3.52-3.47 (m, OCH), 2.47-2.41 
(m, H-5,5’), and 2.029 (s, OCOCH,); °C-n.m.r. (6; 25.2 MHz): 6 168.56 (C=O), 
125.34 (C-3), 121.90 (C-4), 94.12 (C-6), 86.34 (C-2), 63.24 (OCH,), 29.71 (C-5), 
21.82 (COCH;), and 15.77 (CH;); m.s. (c.i., CH,, 100°; mixture): m/z 187 (5%, 
MH‘*) and 127 (100%), MH* — HOAc). 
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When the reaction was performed in toluene at —40° (with warming to 0° 
before filtration), none of the allylic isomer 34 was detected by 'H-n.m.r. The cis- 
to-trans ratio was unaltered and the yield of distilled compound was 42%; b.p. 53° 
(0.1 Pa). 

cis-(7) and trans-2-Acetoxy-6-methoxymethyl-5,6-dihydro-2H-pyran (8). — 
According to the procedure for the preparation of 4, 3 (15.3 g, 120 mmol) was 
treated with lead tetraacetate (47.6 g, 107 mmol) at 0°, followed by vacuum distilla- 
tion (2.4 Pa) of the crude product to give a ~6:1 ratio of 7 and 8 (10.1 g, 46%); 
b.p. 64-67° (1.0 Pa); vim 3010 (C=CH), 2930, 2900 (CH), 1740 (C=O), 1245, 
1200, and 1140 cm~! (C—O); 'H-n.m.r. (7; 500 MHz): 6 6.243 (ddd, J 3.2, 1.6, 1.6 
Hz, H-2), 6.079 (dddd, J 10.0, 6.0, 1.6, 1.6 Hz, H-3), 5.711 (dddd, J 10.0, 3.1, 2.9, 
1.4 Hz, H-4), 4.044 (dddd, J 11.3, 5.5, 3.6, 3.6 Hz, H-6), 3.430 (ddd, J 16.4, 11.3, 
6.0 Hz, CH,), 3.338 (s, OCH,), 2.144 (ddddd, J 17.9, 11.3, 2.8, 1.9, 1.9 Hz, H-Sb), 
2.028 (s, OCOCH,), 1.963 (dddd, J 17.9, 5.9, 3.5, 1.4 Hz, H-5a); irradiation at 6 
6.243 caused H-3 to collapse to a ddd minus, J, , 1.6 Hz, H-4 to collapse to a ddd 
minus, J, , 3.1 Hz, and H-5b to collapse to a ddd minus J, ;, 1.9 Hz, and no change 
at H-Sa; thus, for 7: J, , 1.6, J, 4 3.1, Jy.5, 1.9, Jo5, 0, Jz.4 10.0, J; 5, 6.0, J; 5, 1.6 or 
1.9, J 54 1.4, Jg.5, 2.8 or 2.9, Joa 54 17-9, Jsp6 11-3, J5q.6 3.5 OF 3.6, Jo 74, J6. 2m 3-6, 5.5 
or 6.0, and J5, », 16.4 Hz; °C-n.m.r. (7; 25.2 MHz): 6 168.27 (C=O), 128.54 (C-2), 
122.73 (C-4), 89.01 (C-2), 74.43 (C-7), 67.98 (C-6), 59.32 (OCH;), 26.86 (C-5), 
and 21.87 (COCH,); 'H-n.m.r. (8; 500 MHz): 6 6.542 (d, J 6.1 Hz, H-2), 5.090 
(ddd, J 5.8, 3.6, and 2.1 Hz, H-3), 4.936 (ddd, J 5.8, 5.8, 1.7 Hz, H-4), 4.06 (m, 
H-6), 3.504 (m, OCH,), 3.373 (s, OCH;), 2.017 (s, OCOCH,), and ~1.83 (m, 
H-5,5’); °C-n.m.r. (8; 25.2 MHz): 6 169.04 (C=O), 147.19 (C-2), 98.70 (C-3), 
74.44 (C-7), 70.70 (C-6), 62.95 (C-4), 59.46 (OCH;), 30.98 (C-5), and 21.92 
(COCH,); m.s. (c.i., CH,, 100°; mixture): m/z 187 (6%, MH*) and 127 (100%, 
MH*t — HOAc). 

Anal. (h.r.e.i.m.s.) Cale. for Cj;H,,O, (M* — OAc): 127.0759. Found: 
127.0759. 

1-O-Acetyl-2,3-dideoxy-4,6-di-O-methyl-a- (9) and -B-D-erythro-hex-2-eno- 
pyranose (10). — The procedure described is an adaptation of that described by 
Fraser-Reid et al.“. 1,5-Anhydro-2-deoxy-3,4,6-tri-O-methyl-D-arabino-hex-1- 
enitol (1 g, 5.3 mmol) was dissolved in a solution of acetic anhydride (6.71 g, 65.7 
mmol) in dry benzene (13.8 mL, 0.4M) with stirring at room temperature. 
BF, - diethyl ether complex (16 mg, 0.1 mmol, commercial grade) was then added 
and the mixture stirred for 6 h. It was then poured into ice-cold 0.63M NaHCO, (50 
mL) with vigorous stirring for 30 min. The mixture was transferred to a separatory 
funnel and extracted with ether (3 x 50 mL). The combined ether extracts were 
washed with water (1 x 50 mL), dried (Na,SO,), and evaporated in vacuo. 
Methanol was evaporated from the residue several times to remove traces of acetic 
acid from the crude product (630 mg, 57%); t.l.c. (30%, v/v, ethyl acetate—hexane) 
indicated the presence of two main products (R; 0.55 and 0.45) with a minor 
decomposition product (R, 0.11); 'H-n.m.r. (100 MHz): 6 6.51 (d), 6.28 (br. s), 
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6.25 (br. s), 6.14 (br. s), 6.05-6.01 (m), 5.88—-5.44 (m), 4.96 (br. s), 4.90 (br. s), 
3.89-3.83 (m), 3.75-3.48 (m), 3.46 (s, OCH), 3.44 (s, OCH,), 3.42 (s, OCH;), 
2.26 (s, OAc), 2.12 (s, OAc), and 2.11 (s, OAc). A repetition of this procedure 
starting from ethyl 2,3-dideoxy-4,6-di-O-methyl-a-D-erythro-hex-2-enopyranoside 
(1 g, 5 mmol) produced a similar mixture of products (650 mg, 60%). The mixture 
was used directly without purification for the synthesis of 25 and 26. 

General procedure for Pd(0)-catalyzed C-glycosylation. — This is a modifica- 
tion of the procedure developed by Trost and coworkers for allylic alkylation**. A 
dihydropyranyl acetate (1 equiv.) was dissolved in an appropriate solvent (dry 
oxolane or N,N-dimethylformamide, Ar saturated, 0.15M total volume). With 
stabilized carbanions (Method A), triphenylphosphine (1 equiv.) and Pd(PPh,), 
(0.1 equiv.) were then added with stirring under Ar. Carbanions (1.05 equiv.) were 
prepared and added, within 5 min, either as solids or in solution. The mixture was 
heated to 60—-70° over a 12-18 h period, and then cooled to room temperature, 
partitioned between equal volumes of water and ether, and the aqueous layer 
extracted with additional ether (3 times). The combined extracts were washed with 
saturated NaCl solution (water when N,N-dimethylformamide was used), dried 
(Na,SO,), and evaporated in vacuo. Chromatography of the crude residue on silica 
gel afforded the corresponding C-glycosyl compounds in good yields (65-90% 
based on the dihydropyranyl acetate). With nonstabilized carbanions (Method B) 
only oxolane was used. Pd(PPh,), (0.25—0.50 equiv.), without added PPh,, was 
then added, followed immediately by a preformed (0°) solution of carbanion in 
oxolane. The mixture was stirred for 3-6 h at room temperature and then worked 
up as described in Method A (yield, 85—98% , based on the dihydropyranyl acetate). 

2-[Acetamidobis(ethoxycarbonyl)methyl]|-5,6-dihydro-2H-pyran (12). — 2- 
Acetoxy-5,6-dihydro-2H-pyran (4; 200 mg, 1.41 mmol) and diethyl sodio- 
acetamidomalonate (345 mg, 1.44 mmol) in N, N-dimethylformamide (20 mL) were 
treated according to Method A to afford 12 as a pale-yellow oil after chromato- 
graphy (270 mg, 80%); R, (30%, v/v, EtOAc-hexane) 0.5; voH#s 3420 (NH), 3015 
(C=CH), 2980, 2920, 2860 (CH), 1755, 1740 (C=O ester), 1680 (C=O amide), 
1655 (C=C), 1280 and 1085 cm~! (C—O); 'H-n.m.r. (500 MHz): 6 6.076-6.043 
(dddd, J 10.5, 4.1, 1.6, 1.6 Hz, H-3), 5.899-5.856 (dddd, J 10.5, 4.3, 2.3, 1.2 Hz, 
H-4), 4.935-4.914 (dddd, J 4.8, 1.7, 1.7, 1.7 Hz, H-2), 4.303-4.113 (m, 4 H, 
CO.,CH,), 3.922-3.882 (m, H-6e), 3.617—3.567 (m, H-6a), 2.244—2.099 (m, H-5e), 
1.972 (s, OCOCH;), 1.857—1.795 (m, H-5a), 1.23 (t, J 7.0 Hz, CH;), and 1.202 (t, 
J 7.0 Hz, CH;); °C-n.m.r. (25.2 MHz): 6 168.8 (NC=O), 167.00 (C=O), 165.41 
(C=O), 126.45 (C-3), 126.21 (C-4), 76.81 (C-2), 68.62 (C-1'), 64.16 (C-5), 62.76, 
61.94 (OCH,), 24.82 (C-5), 23.13 (QCOCH,), and 14.02 (CH;). 

2-| Acetamidobis(methoxycarbonyl)methyl|-6-ethoxy-5,6-dihydro-2H-pyrans 
(13 and 14). — Compounds 5 and 6 (574 mg, 3.08 mmol) in N,N-dimethyl- 
formamide (20 mL) were treated with dimethyl sodio(acetamido)malonate (720 
mg, 3.4 mmol) according to Method A to afford a yellow oil (660 mg, 85% based 
on § and 6 of 80% purity), 13 and 14 in the ratio 3:1, which were partially separated 
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by chromatography. Mixture of 13 and 14: R, 0.36 (5), 0.28 (6) (40%, v/v, ethyl 
acetate—petroleum ether); vC#C 3420 (NH), 3040 (C=CH), 2980, 2950, 2910, 2870 
(CH), 1740, 1670 (C=O), 1620 (C=C), 1270-1180, 1115, 1040, 1020, and 980 cm~! 
(C—O); 'H-n.m.r. (13; 500 MHz): 6 6.673 (br. s, 1 H, NH), 6.019 (dddd, J 10.4, 
2.1, 1.9, 1.6 Hz, H-5), 5.763—5.722 (m, H-4), 5.059 (ddd, J 7.0, 3.6, 1.6 Hz, H-2), 
4.646 (dd, J 6.4, 5.2 Hz, H-6), 3.790 (s, CO,CH,), 3.725 (s, CO,CH;), 3.75-3.70 
(m, 1 H, OCH), 2.146-1.906 (m, H-3,3’), 1.976 (s, COCH;), and 1.172 (t, J 7.1 
Hz, CH,); °C-n.m.r. (13, 25.2 MHz): 6 124.87 (C-5), 124.48 (C-6), 98.61 (C-2), 
77.74 (C-6), 64.50 (OCH,), 53.80 (CO,CH;), 27.31 (CO,CH;), 42 (C-2), 23.72 
(NHCOCH,), and 16.11 (OCH,CH;); the C=O and C-1’ signals could not be 
assigned; 'H-n.m.r. (14; 500 MHz): 6 6.557 (br. s, 1 H, NH), 6.094 (dddd, J 10.4, 
1.9, 1.0, 1.0 Hz, H-5), 5.756 (dddd, J 10.4, 4.6, 2.4 Hz, H-4), 5.030 (ddd, whh 8 
Hz, J 4.6, 3.7, 1.9 Hz, H-2), 4.636 (dd, J 6.4, 5.2 Hz, H-6), 3.806 (s, CO,CH;), 
3.746 (s, CO,CH;), 3.667 (q, 1 H, J 9.6, 7.1 Hz, OCH), 3.431 (q, J 9.6, 7.1 Hz, 
OCH), 2.006 (s, COCH;), and 1.202 (t, J 7.1 Hz, CH;); °C-n.m.r. (14; 25.2 MHz): 
5 167.65 (C=O), 166.00 (C=O), 164.45 (C=O), 123.76 (C-5), 122.40 (C-4), 95.60 
(C-2), 71.14 (C-6), 68.24 (C-1), 62.96 (OCH,), 53.66 (CO,CH;), 53.13 (CO,CH;), 
30.12 (C-3), 23.62 (COCH,), and 15.87 (OCH,CH;); an upfield shift in the signals 
corresponding to the cis isomer of approximately 0.15 p.p.m. was observed in the 
fraction from which this *C-n.m.r. spectrum was recorded; m.s. (c.i., CH,, 100°): 
m/z 316 (44%, MH*), 344 (12%, MC,H?), 356 (9%, MC,H?), and 270 (100%, 
MH — EtOH). 

Anal. (h.r.c.i.m.s.) Cale. for C,,H,,NO,: 270.0977. Found: 270.0978. 

cis-2-[ Acetamidobis(methoxycarbonyl)methyl|-6-methoxymethyl-5,6-dihydro- 
2H-pyran (15). — Compound 7 (560 mg, 3 mmol) in N, N-dimethylformamide (20 
mL) was treated with dimethyl sodio(acetamido)malonate (700 mg, 3.3 mmol) 
according to Method A to afford 15 as a pale-yellow oil after chromatography (680 
mg, 90%, based on 7 of 80% purity), R, (30%, v/v, ethyl acetate—petroleum ether) 
0.15; vo#Cs 3400 (NH), 3030 (C=CH), 1740, 1680 (C=O), 1645 (C=C), 1280, 
1220, 1120, and 1060 cm~! (C—O); 'H-n.m.r. (S00 MHz):,6 6.626 (br. s, NH), 6.056 
(dddd, J 10.5, 2.6, 2.6, 1.6 Hz, H-3), 5.909 (dddd, J 10.5, 5.0, 3.0, 2.0 Hz, H-4), 
5.105 (ddd, J 4.8, 2.6, 2.0 Hz, H-2), 3.960 (dddd, J 8.0, 5.7, 4.8, 4.3 Hz, H-6), 
3.811 (s, CO,CH,), 3.714 (s, CO,CH,), 3.370 (dd, J 10.1, 5.7 Hz, CHOCH;), 3.332 
(s, 3 H, OCH), 3.313 (dd, J 10.1, 4.8 Hz, CHOCH,), 2.05—1.92 (m, H-5,5’), and 
1.987 (s, COCH,); °C-n.m.r. (25.2 MHz): 6 167.45 (NCOCH;), 165.95, 164.94 
(CO,CH,), 124.38 (C-3), 123.86 (C-4), 77.73 (C-2, tentative), 74.53 (CH,OCH,), 
69.55 [CNHAc(CO,CH,),], 69.40 (C-6), 53.85, 53.03 (CO,CH;), 59.37 (OCH;), 
26.77 (C-5), and 23.67 (NHCOCH,); m.s. (c.i., CH,, 100°): m/z 316 (98%, MH*) 
and 190 [39%, MH*+ — C(CO,Me),NHAc]. 

Anal. (h.r.c.i.m.s.) Calc. for C,,H,,NO;: 316.1390. Found: 316.1399. 

trans -2 - | Acetamidobis(methoxycarbonyl)methyl| - 6 - methoxymethyl - 5,6 - di- 
hydro-2H-pyran (16). —- Compound 7 (500 mg, 2.7 mmol) was stirred with 
Pd(PPh,), (310 mg, 0.37 mmol) in N,N-dimethylformamide (20 mL) for 2 h, and 
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then dimethyl sodio(acetamido)malonate (580 mg, 2.74 mmol) and PPh, (704 mg, 
2.7 mmol) were added according to Method A. Chromatography afforded 16 as a 
yellow oil (599 mg, 88% based on 7 of 80% purity) which was shown by 'H-n.m.r. 
spectroscopy to be an equilibrium mixture of conformers which coalesced at 
318 K, R; (30%, v/v, ethyl acetate—petroleum ether) 0.15; vOBCs 3400 (NH), 3030 
(C=CH), 2980, 2950, 2880 (CH), 1740, 1680 (C=O), 1645 (C=C), 1280, 1220, 
1120, and 1060 cm~! (C—O); 'H-n.m.r. (500 MHz, 298 K): 6 6.784 (br. s, NH), 
6.022-—5.983 (m, H-3), 5.877-5.831 (m, H-4), 5.603—5.040 (m, H-2), 3.943-3.893 
(m, H-6), 3.759, 3.755 (2 s, CO,CH,), 3.662, 3.657 (2 s, CO,CH;), 3.338-3.296 (m, 
OCH,), 3.283, 3.728 (2 s, OCH;), 2.0—-1.8 (m, 2 H, C-5,5’), 1.941, and 1.937 (2 s, 
COCH,); 'H-n.m.r. (500 MHz, 318 K): 6 6.708 (br. s, 1 H, NH), 6.058 (dddd, J 
10.5, 4.1, 2.3, 1.7 Hz, H-3), 5.889 (dddd, J 10.5, 5.1, 2.7, 2.5 Hz, H-4), 5.084 (ddd, 
J 4.6, 2.5, 2.4 Hz, H-2), 3.951 (m, H-6), 3.795 (s, CO,CH,), 3.705 (s, CO,CH;), 
3.39-3.30 (m, OCH,), 3.325 (s, 3 H, OCH), 2.06—1.86 (m, H-5,5’), and 1.979 (s, 
COCH,); *C-n.m.r. (50.2 MHz, 298 K): 6 169.00 (NCOCH,), 167.47, 166.40 
(CO,CH,), 125.22 (C-3), 124.64 (C-4), 74.49 (CH,OCH;), 69.66 (C-2), 69.42 
[CNHCOCH,(CO,CH,),], 59.20 (OCH), 53.67, 52.82 (CO,CH;), 26.08 (C-5), and 
22.95 (COCH;); m.s. (c.i., CH,, 100°): m/z 316 (4.5%, MH*) and 127 [100%, 
MH?* — C(CO,Me),NHAc]. 

6-Ethoxy-2-phenyl-5,6-dihydro-2H-pyrans (17 and 18). — Compounds 5 and 
6 (280 mg, 1.5 mmol; ratio 5 to 6, 3:1) in oxolane (10 mL) were treated with phenyl- 
zinc chloride [prepared by adding M phenylmagnesium bromide in oxolane (1.6 
mL) to anhydrous ZnCl, (210 mg, 1.55 mmol) in oxolane (3.4 mL)] at 0° according 
to Method B. Chromatography on silica gel afforded 17 and 18 as a pale-yellow oil 
(245 mg, 98% based on 5 and 6 of 80% purity; ratio 17 to 18, 3:1); Rp (20%, v/v, 
ethyl acetate—petroleum ether) 0.94; vC#@'s 3070, 3030 (C=CH), 2980, 2920 (CH), 
1590 (C=C), 1130, 1050, and 1025 cm~! (C—O); 'H-n.m.r. (17; 500 MHz): 6 5.84— 
5.83 (m, H-3,4), 5.220 (ddd, J 3.5, 3.5, 0.8 Hz, H-6), 5.056 (ddd, J 4.6, 0.8, 0.8 Hz, 
H-2), 3.911 (dddd, J 9.8, 7.1, 7.1, 7.1 Hz, OCHCH,), 3.559 (dddd, J 9.8, 7.1, 7.1, 
7.1 Hz, OCHCH,), 2.564-2.509 (m, 1 H, H-Se), 2.184—2.132 (m, 1 H, H-5a), and 
1.271 (dd, J 7.1, 7.1 Hz, CH,;); °C-n.m.r. (17; 125.6 MHz): 6 140.98, 128.65, 
128.43, 127.77 (C-3), 127.33, 121.75 (C-4), 95.79 (C-6), 70.43 (C-2), 63.12 (OCH,), 
29.98 (C-5), and 15.21 (CH,); °C-n.m.r. (18; 125.7 MHz, tentative): 5 128.66 (C- 
2), 125.55 (C-4), 95.88 (C-6), 30.76 (C-5), and 15.32 (CH,). 

2-[6-Ethoxy-5,6-dihydro-2H-pyranyl)methyl]-4,4-dimethyl-2-oxazolines (19 
and 20). — Compounds 5 and 6 (1.383 g, 7.4 mmol) in oxolane (35 mL) were 
treated with 5,5-dimethyl-2-oxazolinozinc chloride (1.2 g, 8.2 mmol) in oxolane 
according to Method B. Chromatography on silica gel afforded 19 and 20 in two 
major fractions as an orange oil (600 mg, 42% based on 5 and 6 of 80% purity). 
The first fraction was substantially enriched in 20, and the latter in 19, as deter- 
mined by the 'H-n.m.r. spectra. The two fractions were combined and a °C-n.m.r. 
spectrum was recorded, which allowed a determination of the cis, trans ratio, ratio 
19 to 20, 3:1; R- (30%, v/v, ethyl acetate—petroleum ether) 0.4 (20) and 0.3 (19); 
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yiilm 3020 (C=CH), 2970, 2930, 2900 (CH), 1670 (C=N), and 1060 cm~! (C—O); 
Hin.m.r. (20; 500 MHz): 5 5.726-5.648 (m, H-3’,4’), 4.681 (dd, J 6.3, 4.9 Hz, 
H-6'), 4.57-4.54 (m, H-2), 3.9808 (ddddd, J 9.6, 7.1, 7.1, 7.1 Hz, OCH), 3.878 (s, 
OCH,), 3.494 (dddd, J 9.6, 7.1, 7.1, 7.1 Hz, OCH), 2.610 (dd, J 14.9, 7.0 Hz, 
CH-C-2), 2.423 (dd, J 14.9, 7.6 Hz, CH—C-2), 2.42—1.99 (m, 2 H, H-5’a,5’b), 1.237 
(s, 6 H, CH,), and 1.196 (dd, J 7.1, 7.1 Hz, CH,); °C-n.m.r. (20; 125.7 MHz): 6 
162.79 (C-2), 128.17 (C-3’), 123.52 (C-4’), 98.32 (C-6’), 78.76 (C-5), 71.38 (C-2’), 
66.93 (C-4), 62.77 (OCH,), 34.19 (C-C-2), 30.87 (C-3), 28.22 (CH,), and 15.01 
(OCH,CH,); m.s. (c.i., CH,, 100°): m/z 240 (75%, MH*), 268 (14%, MC,H?), 
280 (7%, MC,H?), 194.1 (100% , MH* — EtOH) and 166 (4%, MH* — EtOH — 
C=O). 

Anal. (h.r.c.i.m.s.) Cale. C,,H,,NO,: 240.1600. Found: 240.1600. 

'H-n.m.r. (19; 500 MHz): 6 5.726-5.648 (m, H-3’,4’), 4.955 (dd, J 4.6, 1.7 
Hz, H-5’), 4.56-4.52 (m, H-2’), 3.802 (dddd, J 9.8, 7.1, 7.1, 7.1 Hz, OCH), 3.89 
(s, OCH,), 3.500 (dddd, J 9.8, 7.1, 7.1, 7.1 Hz, OCH), 2.536 (dd, 1 H, J 14.2, 8.1 
Hz, CH-C-2), 2.433 (dd, J 14.2, 6.1 Hz, CH—C-2), 2.42—1.99 (m, 2 H, H-5’), 1.240 
(s, CH,), 1.234 (s, CH;), and 1.193 (dd, J 7.1, 7.1 Hz, CH;); °C-n.m.r. (19; 125.7 
MHz): 6 162.98 (C-2), 127.42 (C-3’), 122.26 (C-4’), 95.25 (C-6'), 78.89 (C-5), 66.93 
(C-4), 65.37 (C-6), 63.85 (OCH,), 33.82 (C—C-2), 29.82 (C-3), 28.22 (CH), and 
15.0 (OCH,CH,). 

trans-6-Methoxymethyl-2-phenyl-5,6-dihydro-2H-pyran (21). — Compound 7 
(280 mg, 1.5 mmol) in oxolane (10 mL) was treated with phenylzinc chloride [pre- 
pared by adding phenylmagnesium bromide (1.6 mL, 1.6 mmol) to anhydrous 
ZnCl, chloride (211 mg, 1.55 mmol) in oxolane (5 mL) at 0°] according to Method 
B. Chromatography afforded 21 as a yellow oil (230 mg, 94% based on 7 of 80% 
purity), R, (20%, v/v, ethyl acetate—petroleum ether) 0.8; v@!™ 3030, 3020 (C=CH), 
2990, 2930, 2890, 2820 (CH), 1600 (C=C), 1120, and 1090 cm~! (C—O); 'H-n.m.r. 
(500 MHz): 6 7.43-7.25 (m, 5 H, Ph), 6.042 (dddd, J 10.3, 4.7, 1.8, 1.8 Hz, H-3), 
6.008 (dddd, J 10.3, 3.0, 1.3, 1.3 Hz, H-4), 5.301 (m, whh 6 Hz, H-2), 3.77 (dddd, 
J 9.9, 5.7, 4.0, 3.9 Hz, H-6), 3.439 (dd, J 10.2, 5.7 Hz, CHOCH,), 3.380 (dd, J 
10.2, 4.1 Hz, CHOCH,), 3.323 (s, OCH,), 2.244~-2.177 (m, H-5b), and 2.008—1.953 
(m, H-Sa), irradiation at 6 5.301 caused J, , 1.8 Hz to disappear from 6 6.042, J, , 
3.0 Hz to disappear from 6 6.008, and 6 2.210 to collapse into a dddd pattern (J 
17.3, 10.0, 1.8, 1.3 Hz); J; , 10.3, J, , 3.0, J, 5 1.8, Js,.¢ 10.0, J5,.6 3.9, J3.5, 4-7; J3.50 
1.8, and J, 5, = J4.5, 1.3 Hz; °C-n.m.r. (50.2 MHz): 6 140.87 (C-3), 128.24, 127.86, 
127.53, 127.45, 125.26 (C-4), 75.16 (CH,OCH,), 73.99 (C-2), 66.54 (C-6), 59.16 
(OCH,), and 27.04 (C-S5). 

Anal. (h.r.c.i.m.s.) Cale. for C,;H,7O,: 205.1229. Found: 205.1222. 

trans-6-Methoxymethyl-2-vinyl-5,6-dihydro-2H-pyran (22). — Compound 7 
(280 mg, 1.5 mmol) in oxolane (10 mL) was treated with vinylzinc chloride [pre- 
pared by the addition of vinylmagnesium bromide (1.55 mL, 1.55 mmol) to anhy- 
drous ZnCl, (211 mg, 1.55 mmol) in oxolane (5 mL) at 0°] according to Method 
B. Chromatography afforded 22 as a yellow oil (180 mg, 97% based on 7 of 
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80% purity), R; (20%, v/v, ethyl acetate—petroleum ether) 0.9; vOHCs 3060, 3010 
(C=CH), 2980, 2930, 2880 (CH), 1650, 1620 (C=C), 1220, 1130, 1100, 1050 (C- 
O), 980, and 910 cm~! (-CH=CH,); 'H-n.m.r. (500 MHz): 6 5.905 (ddd, J 17.2, 
10.5, 5.0 Hz, H-X), 5.867 (dddd, J 10.2, 5.6, 2.2, 2.1 Hz, H-3), 5.711 (dddd, J 10.2, 
3.5, 2.6, 1.5 Hz, H-4), 5.211 (ddd, J 9.6, 1.6, 1.6 Hz, H-B), 5.183 (ddd, J 3.6, 1.5, 
1.5 Hz, H-A), 4.688 (dddddd, whh 9 Hz, J 5.0, 3.5, 2.6, 2.1, 1.6, 1.5 Hz, H-2, 
measured indirectly from decoupling H-2), 3.848 (dddd, J 10.2, 6.3, 3.7, 3.4 Hz, 
H-6), 3.437 (dd, 1 H, J 10.2, 6.3 Hz, CHOCH,), 3.381 (dd, J 10.2, 3.7 Hz, 
CHOCH,), 3.357 (s, OCH;), 2.062 (ddddd, J 17.3, 10.3, 2.6, 2.5, 2.5 Hz, H-5b), 
1.876 (ddddd, J 17.3, 5.5, 2.3, 2.3, 1.2 Hz, H-5a); irradiation at 2344.6 Hz (6 4.688) 
caused loss of J 5.0 Hz from 6 5.905, of J 2.1 Hz from 6 5.867, of J 3.5 Hz from 6 
5.711, of J 1.6 Hz from 6 5.211, of J 1.5 Hz from 65.183 Hz, and of J 2.6 Hz from 
5 2.062, and also caused 6 1.876 to change its coupling pattern to dddd, J 17.3, 5.5, 
3.5, 1.4 Hz, suggesting it to be first order by agreement with the same J values from 
the coupled protons, respectively; Jpy 17.2, Jay 10.5 or 9.6, J, g 1.5 or 1.6, Jy 5.0, 
J, 32.1, Jz 43.5, Jap 1.6, Jn 4 1.5, J5q.6 10.2 or 10.3, Je cy 6.3, J6.cry 3-7, I5a.6 3.4 OF 
3.5, Iq sp 17.3, J3.4 10.2, Jz 5, 5.6 or 5.5, Jig 5, 2.6 or 2.3, Jy 5, 1.4 or 1.5, and J; 5, 2.5, 
2.6, or 2.2 Hz; °C-n.m.r. (50.2 MHz): 6 136.85 (CH=CH,), 127.29 (C-3), 124.66 
(C-4), 116.85 (CH=CH,), 75.38 (CH,OCH,), 73.19 (C-2), 66.80 (C-6), 59.18 
(CH,OCH,), and 26.97 (C-5); m.s. (c.i., CH,, 100°): m/z 155 (67% , MH*) and 153 
(20%, MH*+ — H,). 

Anal. (h.r.c.i.m.s.) Calc. for CgH,;O,: 155.1072. Found: 155.1072. 

2-[2,2-Bis(ethoxy)ethyl|-6-methoxymethyl-5,6-dihydro-2H-pyrans (23 and 
24). — Compound 7 (560 mg, 3 mmol) in oxolane (12 mL) was treated with 2,2- 
diethoxyethylzinc chloride [prepared by adding M 2,2-diethoxyethylmagnesium 
bromide (3.15 mL) in oxolane to anhydrous ZnCl, (430 mg, 3.15 mmol) in oxolane 
(5 mL) at 0°] according to Method B. Chromatography on silica gel afforded 23 and 
24 (ratio 23 to 24, 3:1) as a colorless oil (460 mg, 79% based on 7 of 80% purity). 

Compound 23. R;. (20%, v/v, ethyl acetate—petroleum ether) 0.75; vilm 3020 
(C-CH), 2970, 2930, 2900, 2880 (CH), 1650 (C=C), 1185, 1120, 1100, 1050, and 
1010 cm! (C—O); 'H-n.m.r. (500 MHz): 6 5.989 (dddd, J 10.1, 5.6, 1.5, 1.5 Hz, 
H-3), 5.725 (dddd, J 10.1, 2.9, 2.9, 1.5 Hz, H-4), 4.999 (m, H-2), 4.712 (dd, J 3.1, 
3.4 Hz, H-2’), 4.091 (dddd, J 11.5, 4.0, 4.0, 4.0 Hz, H-6), 3.843 (dddd, 2 H, J 9.7, 
7.1, 7.1, 7.1 Hz, OCH), 3.524 (dddd, 2 H, J 9.7, 7.1, 7.1, 7.1 Hz, OCH), 3.46 (dd, 
J 5.8, 10.6 Hz, CHOCH,), 3.370 (m, CHOCH,), 3.386 (s, OCH;), 2.137 (ddddd, J 
17.7, 11.4, 2.3, 2.3, 2.2 Hz, H-5b), 1.894 (dddd, J 17.7, 5.5, 3.7, 1.5 Hz, H-5a), 
1.221 (dd, 6 H, J 7.1, 7.1 Hz, CH;), and 1.182 [m, 2 H, CH,CO(Et),], irradiation 
at 6 4.999 caused a loss of J 1.5 Hz from 6 5.989, of J 2.9 Hz from 6 5.725, and of 
J 2.2 Hz from 6 2.137; °C-n.m.r. (125.7 MHz): 6 128.17 (C-3), 125.36 (C-4), 94.33 
[C(OC,H,),], 74.86 (CH,OCH;), 66.47 (C-6), 65.08 (C-2), 63.04 (OCH,CH,), 
59.05 (OCH,), 37.89 (C-5), 26.51 [CH,C(OC,H;),], and 15.20 (CH;). 

Compound 24. C-n.m.r. (125.7 MHz, 20% based on ?C-n.m.r.): 6 129.30 
(C-3), 123.42 (C-4), 100.29 [C(OC,H,),], 75.07 (CH,OCH;), 70.73 (C-6), 69.43 
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(C-2), 62.28 (OCH,CH;), 60.47 (OCH;), 28.70 (C-5), 26.82 [CH,C(OC,H;),], and 
15.20 (CH,); m.s. (c.i., CH,, 100°): m/z 199.0 (20.1%, MH* — EtOH), 127.0 
(100%), 103 (17.1%), and 170.9 (1.3%). 

Anal. (h.r.c.i.m.s.) Cale. for C,,;H,,O,: 245.1753. Found: 245.1700. Calc. for 
C,,H,.0, (MH* — HOEt): 199.1330. Found: 199.1300. 

(2,3-Dideoxy-4,6-di-O-methyl-a- (25) and -B-D-erythro-hex-2-enopyranosyl)- 
benzene (26). — Compounds 9 and 10 (5 mmol) in oxolane (25 mL) were treated 
with phenylzinc chloride [prepared from M phenylmagnesium bromide (5.5 mmol) 
in oxolane and anhydrous ZnCl, (715 mg, 5.25 mmol in oxolane (5 mL) at 0°] 
according to Method B. Silica gel chromatography afforded 25 and 26 as a pale- 
yellow oil (371 mg, 30% overall based on 9 and 10) which was shown by 'H-n.m.r. 
to be an ~1.0:1.0 mixture of 25 and 26, R, (30%, v/v, ethyl acetate—petroleum 
ether) 0.66 and 0.59; vm 3060, 3030 (C=CH), 2980, 2930, 2880, 2820 (CH), 1600 
(C=C), and 1090 cm~! (C-C); 'H-n.m.r. (25; 500 MHz): 6 7.59-7.26 (m, 5 H, Ph), 
6.140 (ddd, J 10.4, 2.0, 2.0 Hz, H-2’), 6.084 (ddd, J 10.4, 3.0, 1.6 Hz, H-3’), 5.28 
(ddd, J 3.0, 2.0, 2.0 Hz, H-1’), 3.905 (dddd, J 7.5, 2.0, 2.0, 2.0 Hz, H-4’), 3.75-3.41 
(m, 3 H, H-5’,6’,6”), 3.356 (s, OCH;), and 3.425 (s, OCH,); 'H-n.m.r. (26; 500 
MHz): 6 7.59-7.26 (m, 5 H, Ph), 5.996 (ddd, J 10.3, 2.4, 1.8 Hz, H-2’), 5.850 (ddd, 
J 10.3, 1.6, 1.5 Hz, H-3’), 5.157 (ddd, J 3.0, 2.4, 1.6 Hz, H-1’), 3.853 (dddd, 1 H, 
J 9, 3.0, 1.5, 1.5 Hz, H-4’), 3.75-3.41 (m, H-S’,6’,6’a,6’b), 3.438 (s, OCH;), and 
3.402 (s, OCH,); °C-n.m.r. (25; 125.7 MHz, tentative assignments): 6 139.40, 
129.61, 128.65, 128.27, 127.06, 126.46, 74.06 (C-1'), 71.88 (C-5’), 71.68 (C-4’), 
70.21 (C-6'), 59.16 (OCH,), and 56.46 (OCH,); %C-n.m.r. (26; 125.7 MHz, 
tentative assignments): 6 141.15, 131.74, 128.37, 127.97, 127.15, 125.30, 77.49 (C- 
1’), 76.56 (C-5’), 72.67 (C-4’), 72.21 (C-6’), 59.39 (OCH,), and 59.16 (OCH;); 
m.s. (c.i., CH,, 100°): m/z 235 (9%, MH*), 263 (1.0%, MC,H?t), 275 (1.0%, 
MC,H?), 203 (81%, MH* — MeOH), 161 (100%, MH* — H,COCH,CHO), and 
157 (23%, MH* — C,H,). 

Anal. (h.r.c.i.m.s.) Calc. for C,4H,,O3: 235.1335. Found: 235.1300. 

The mixture was separated by l.c. to afford pure 25, R,; 24 min (20%, v/v, 
ethyl acetyl—hexane), [a]f° +19° (c 0.053, chloroform). 

1-(2,3-Dideoxy-4,6-di-O-methyl-a- (27) and -B-D-erythro-hex-2-enopyrano- 
syl)naphthalene (28). — 1-Naphthylzinc chloride was prepared by adding a solution 
of 0.298M 1-naphthylmagnesium bromide (6.0 mL) in 1:1 ether—benzene to 
anhydrous ZnCl, (0.236 g, 1.73 mmol) in oxolane (4.0 mL) at 0°, and the mixture 
was stirred for 30 min and then warmed to room temperature. To a solution of 
1-S-acetyl-2,3-dideoxy-4,6-di-O-methyl-1-thio-a- and  -f-D-erythro-hex-2-eno- 
pyranosides (11) (ratio of a to B, 7:43; 0.209 g, 0.900 mmol) in oxolane (50 mL) 
was added Pd(PPh,), (1.00 g, 0.866 mmol), and the mixture stirred at room 
temperature for 15 min. To this was added the solution of 1-naphthylzinc chloride 
and the mixture stirred for 6 h at room temperature, and then partitioned between 
water (10 mL) and ether. The aqueous layer was extracted with ether, followed by 
conventional workup to give a mixture of 27 and 28, which was filtered through 
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silica gel and eluted with an ethyl acetate—hexane gradient. Pure 27 and 28 were 
obtained by semipreparative I.c. (0.040 g, 16%; ratio of 27 to 28, 43:7); R, (30%, 
v/v, ethyl acetate—hexane) 0.66, R; 16.4 min (10%, v/v, ethyl acetate—hexane); 
vCHCls 3080 (C=CH), 3000, 2920, 2890, 2830 (CH), 1620 (C=C), 1110, and 1090 
cm~! (C-C). 

Compound 27. [a]f° +61° (c 0.0095, chloroform); 'H-n.m.r. (200 MHz): 6 
8.32-7.29 (m, 7 H, C,,~H;), 6.35-6.25 (ddd, J 10.3, 1.7, 1.7 Hz, H-2’), 6.23-6.13 
(ddd, J 10.3, 3.1, 1.5 Hz, H-3’), 6.06—-6.00 (m, H-1"), 4.13-4.02 (dd, J 8.0, 1.7 Hz, 
H-4’), 3.59-3.36 (m, H-5S’ ,6’a,6’b), 3.48 (s, OCH,), and 3.31 (s, OCH;); °C-n.m.r. 
(27; 50.3 MHz): 6 134.3, 134.1, 132.3, 129.08, 127.64, 126.82, 126.29, 125.74, 
127.71, 124.57 (C,)H,), 129.71 (C-3'), 128.2 (C-2’), 71.75 (C-1’), 71.57 (C-S’), 
71.26 (C-4'), 70.35 (C-6'), 59.26 (OCH,), and 56.79 (OCH,); m.s.e.i.: m/z 284 
(18%, M*), 210 (78%), 207 (78%), 179 (100%), and 127 (19%, C,)H,). 

Anal. (h.r.e.i.m.s.) Calc. for C,.H5,0,;: 284.1413. Found: 284.1407. 

Compound 28. 'H-n.m.r. (200 MHz): 6 5.85—5.81 (m, H-1’); remaining peaks 
were buried under those of 27. 

4-(2,3-Dideoxy-4,6-di-O-methyl-a- (29) and -B-D-erythro-hex-2-enopyrano- 
syl)toluene (30). — p-Tolylzinc chloride was prepared by adding 0.768M p-tolyl- 
magnesium bromide (0.54 mL) in oxolane to anhydrous ZnCl, (0.056 g, 0.413 
mmol) in oxolane (10 mL) at 0°, and the mixture stirred for 30 min, and then 
warmed to room temperature. To a solution of 11 (ratio of a to B, 7:93; 0.080 g, 
0.344 mmol) in oxolane (10 mL) was added Pd(PPh,), (0.398 g, 0.344 mmol) and 
the mixture stirred at room temperature for 15 min. To this was added the solution 
of p-tolylzinc chloride and the resulting mixture stirred for 6 h at room temperature. 
Workup and chromatography as described for the prepration of 27 and 28 afforded 
29 and 30 (0.045 g, 21%), [a]4° +37° (c 0.0095, chloroform); Ry (30%, v/v, ethyl 
acetate—hexane) 0.65, R; (30%, v/v, ethyl acetate—hexane, 1.0 mL/min) 6.5 min; 
vCHClh 3050 (C=CH), 3000, 2920, 2890, 2820 (CH), 1620 (C=C), and 1100 cm™! 
(C-C); 'H-n.m.r. (29; 200 MHz): 6 7.35—7.08 (m, 4 H, Ph), 6.20—6.12 (ddd, J 10.4, 
2.0, 1.8 Hz, H-2’), 6.12-6.02 (ddd, J 10.4, 2.6, 1.3 Hz, H-3’), 5.30—5.23 (br. s, 
H-1'), 3.87—3.86 (ddd, J 7.0, 1.7, 1.7 Hz, H-4’), 3.65—3.50 (m, H-5’,6’a,6’b), 3.43 
(s, OCH), 3.36 (s, OCH;), and 2.33 (s, CH;); 'H-n.m.r. (30; 200 MHz): 6 7.35- 
7.08 (m, 4 H, Ph), 6.05-5.96 (ddd, J 10.4, 2.0, 1.8 Hz, H-2’), 5.88-5.81 (ddd, J 
10.4, 2.0, 1.5 Hz, H-3’), 5.17-5.12 (br. s, H-1’), 3.88-3.78 (m, H-4"), 3.78-3.60 (m, 
H-5,6'a,6’b), 3.44 (s, OCH;), 3.40 (s, OCH;), and 2.32 (s, CH;); °C-n.m.r. (29; 
50.3 MHz): 6 137.62, 136.44, 129.73, 129.00, 128.17, 126.46 (Ph), 74.08 (C-1'), 
71.87 (C-5’), 71.72 (C-4’), 69.89 (C-6’), 59.24 (OCH), 56.56 (OCH), and 21.15 
(CH,); m.s.e.i.: m/z 248 (0.6%, M*), 217 (1.2%), 203 (1.5%), 174 (100%), 159 
(41%), and 143 (54%). 

Anal. (h.r.e.i.m.s.) Calc. for C,;H 903: 248.1413. Found: 248.1422. 

1 -(2,3,6-Trideoxy-4-O-methyl-a-L-erythro-hex-2-enopyranosyl)-naphthalene 
(32). — 1-Naphthylzinc chloride was prepared by adding 0.65mM 1-naphthyl- 
magnesium bromide (17.0 mL) in 12:5 oxolane—benzene to anhydrous ZnCl, (1.18 
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g, 8.66 mmol) in oxolane (7.0 mL) at 0°, and the mixture stirred for 30 min and 
then warmed to room temperature. To a solution of 1-S-acetyl-2,3 ,6-trideoxy-4-O- 
methyl-1-thio-8-L-erythro-hex-2-enopyranoside (31; 0.876 g, 4.33 mmol) in oxolane 
(50 mL) was added Pd(PPh,), (1.0 g, 0.866 mmol) and the mxiture stirred at room 
temperature for 15 min. To this was added the solution of 1-naphthylzinc chloride 
and the mixture stirred for 5 h, followed by partitioning with water (10 mL) and 
ether and exhaustive extraction of the aqueous layer with ether. Conventional pro- 
cessing was followed by chromatography of crude 32 on silica gel and elution with 
ethyl acetate—hexane, and then further purification by semipreparative I.c. afforded 
pure 32 (0.250 g, 23% based on 31), [a]A° —64° (c 0.0060, chloroform); R, (30%, 
v/v, ethyl acetate—hexane) 0.74, R; (10%, v/v, ethyl acetate—hexane, 4.0 mL/min) 
16 min; vSHC’ 3080 (C=CH), 3000, 2920, 2890, 2830 (CH), 1620 (C=C), and 1110 
em~! (C—O); 'H-n.m.r. (200 MHz): 6 8.79-7.35 (m, 7 H, C,)H;), 6.31-6.22 (d, J 
10.1 Hz, H-2’), 6.22-6.15 (dd, J 10.1, 2.6 Hz, H-3’), 5.97-5.91 (br. s, whh 5.5 Hz, 
H-1'), 3.69-3.51 (m, 2 H, H-4’,5’), 3.48 (s, OCH,), and 1.22—1.14 (d, J 5.61 Hz, 
CH,); °C-n.m.r. (50.3 MHz): 6 132.99, 132.32, 130.30, 128.91, 128.60, 128.02, 
126.27, 125.97, 124.29 (C,,)H,), 128.51 (C-3’), 128.36 (C-2’), 77.99 (C-1'), 70.53 
(C-4"), 67.36 (C-5’'), 56.52 (OCH,), and 18.29 (C-6’); m.s.e.i.: m/z 254 (7.8%, 
M*), 222 (1.3%), and 210 (100%). 
Anal. (h.r.e.i.m.s.) Calc. for C,7H,,.O,: 254.1307. Found: 254.1309. 
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ABSTRACT 


The mechanistic and stereochemical features of a new organozinc-based 
substitution process [heteroatom-C-(R!,R?)-SPh + R3Zn — _ heteroatom-C- 
(R!,R?,R°)], first discovered during a total synthesis of the alkaloid mycotoxin a- 
cyclopiazonic acid, are described. Phenyl thioglycosides were valuable substrates 
in studying the nature of this reaction process. Since these sulfur compounds are 
converted into C-glycosyl compounds with some degree of stereoselectivity, the 
organozinc chemistry does provide a new entry to these biologically active sub- 
stances. 


INTRODUCTION 


During our investigations into the synthesis of the unique mycotoxin, a-cyclo- 
piazonic acid, the need arose to replace a phenylthio group in 1 by a methyl group! 
in 2. After numerous unsuccessful attempts with a wide variety of methylmetals, 
we finally discovered that dimethylzinc in chloroform effected this conversion in 


*This work was supported by grants from the National Institutes of Health (AI-16 138), and the Camille 
and Henry Dreyfus Foundation. 
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good yield. Even though a large excess of the diorganozinc reagent was employed, 
no products derived from a reaction at the carbonyl sites were observed, a con- 
sequence of the relatively weak nucleophilicity of organozinc reagents?. 

In order to further probe both the synthetic and mechanistic aspects of this 
new reaction, we have extended the zinc chemistry to several different phenyl 
thioglycosides. Our purpose in choosing carbohydrates as substrates was twofold: 
(a) these substrates were expected to provide valuable stereochemical information 
on the course of the zinc reaction; and (b) if the yields and stereoselectivity ob- 
served in this reaction were good, then a valuable new entry into an important class 
of natural product substances, the C-glycosyl compounds, would be at hand. Much 
intensive effort has been expended in devising new entries into the C-glycosyl com- 
pounds’ over the past few years, primarily because of the significant biological 
activity exhibited by these special carbohydrate structures. 

Bu'Me. SiO pou Bu'Me.SiO —" : Bu‘ Me.,SiO 


PnHSSPh 
a 


RESULTS AND DISCUSSION 


To begin our study of the aforementioned zinc reaction with carbohydrates 
as substrates, we examined first the reactions of phenyl 4-O-tert-butyldimethylsilyl- 
2,3-O-cyclohexylidene-1-thio-B-L-lyxopyranoside (4), a compound readily pre- 
pared by an oxidation—reduction condensation reaction’ between the protected L- 
lyxose derivative® 3, diphenyl sulfide, and tributylphosphine. The structure of 4 has 
been independently confirmed by a single-crystal X-ray analysis. The replacement 
of the anomeric hydroxyl group of 3 by the phenylthio group with apparent inver- 
sion of configuration was suggestive of an SN2-type mechanism. When a chloroform 
solution of 4 was subsequently treated with excess dimethylzinc, prepared from 
methyl iodide and a zinc-copper couple’, in a Kimax tube for 12 h at 75°, a single, 
less polar product was obtained. To this product was assigned the structure 5, based 
upon a detailed n.m.r. analysis (vide infra). 

Interestingly, when the reaction just mentioned was carried out in toluene, 
benzene, or hexanes, in the absence of chloroform, no glycosylmethane was 
formed. Additionally, when a toluene solution of 4 was treated with five equivalents 
of diiodomethane and ten equivalents of commercially available diethylzinc for 2 h 
at 65°, a glycosylethane compound was obtained in a yield of 78%. Likewise, by 
substituting carbon tetrachloride for diiodomethane, the glycosylethane compound 
was again obtained, but under a milder set of reaction conditions (2 h at 35°). 

Early on in our studies, we felt that the zinc reagent might be reacting with 
the phenyl thioglycoside through a ligand-type exchange process in which the 
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thiophilic zinc center might sufficiently tug on the sulfur atom to form an oxonium- 
ion intermediate. However, our findings regarding the necessity of the halocarbon 
additives does logically suggest that the dialkylzinc is performing a dual role. First, 
it reacts with diiodomethane or carbon tetrachloride (by a free radical pathway) to 
deliver a carbenoid?*; subsequently, this zinc carbenoid interacts with the sulfur 
substituent to generate a sulfonium ion intermediate’. The formation of this inter- 
mediate may be additionally favored through complexation of the zinc atom with 
the ether oxygen atoms of the carbohydrate nucleus. Complexation of the zinc 
atom of the Simmons—Smith reagent with a hydroxyl group has, of course, been 
invoked previously to rationalize the syn-directing effect of an alcohol in cycloprop- 
anation reactions”. 

Once the activated organozinc—sulfur complex has formed, it reacts with the 
excess diorganozinc reagent present in solution either by a direct displacement 
mechanism, or (better) it breaks down to a cyclic oxonium ion which then under- 
goes attack via the kinetically-preferred, axial-addition mode!!. Thus, conforma- 
tional energetics and the kinetic anomeric effect act synergistically to control the 
configuration resulting from the addition in the latter case (see Scheme 1). 

As listed in Table I, the dimethyl-, diethyl-, and dipropyl-zinc reagents pro- 
vided, within the limits of 'H-n.m.r. and I.c. analysis, only the C-a-L-glycosyl com- 
pounds. The assignment of structure to these compounds was based on detailed 
spin-spin decoupling experiments carried out on the desilylated products. The 
anomeric proton of these a-L anomers exhibited a coupling constant of J 8.2-9.2 


R.Zn + CHsIls ——@ RZNCHoI 


5 


es 














Bu'Me.sio 
fe) 











Scheme 1 
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TABLE | 
REACTIONS OF DIORGANOZINC REAGENTS WITH THE PHENYL THIOGLYCOSIDE 4 


Reagent R,Zn (R) C-Glycosyl compounds (% )* Yield (%) 


CH, 72 
CH,CH, 78 
CH,CH,CH, 16 
CH,(CH,),CH, 93 75 
C,H,CH(CH,) 64 72 
(CH,),CH 82 18 73 
CH,=CH-CH, 60 40 35¢ 


“A standard set of reaction conditions was adopted which consisted of treating 4 with the diorganozinc 
reagent (15 equiv.) and diiodomethane (8 equiv.) in toluene for 2 h at 40°. “The low yield in this case 
probably stems from our difficulty in preparing the pure diallylzinc reagent. 


Hz with the neighboring pyran-ring proton'!. The anomeric proton in the desilyl- 
ated B-L anomers exhibited a coupling constant of J 1.9-2.4 Hz. The chemical shift 
of the C-5 axial-methylene proton was also found to differ considerably for the 
desilylated products of 5 and 7 (6 3.58-3.75 and 3.03—3.34, respectively). Further 
proof of structure for the glycosylpropane compound was obtained by comparing it 
with an authentic sample generated by hydrogenating the previously known’? a-L- 
glycosylpropene. With dibutylzinc, a 93:7 mixture of the a- and B-L anomers was 
obtained. The secondary alkylzinc reagents, prepared by reaction of the approp- 
riate organolithium or Grignard reagent with freshly fused zinc chloride in ether, 
followed by distillation:!?, proved somewhat less selective in their reactions with 4. 
While the a-L anomer still preponderated, more of the B-L anomer was detected 
(Table I). 

In order to test the applicability of this organozinc reaction to other carbo- 
hydrate substrates, as well as to further confirm our suspicions that this reaction 
was proceeding through an oxonium ion intermediate, we have examined the reac- 
tion of the additional phenyl thioglycosides listed in Table II. The phenylthio substi- 
tuted derivatives of B- and a-D-glucose (8 and 10) provided us with an excellent 
opportunity to examine the effect of the configuration of the starting compound on 
that of the product. If an oxonium ion intermediate was being formed in the course 
of the organozinc-mediated reactions, then 10 and 8 would give rise to nearly 
identical product ratios. Indeed, as tabulated in Table II, the product ratios ob- 
served for the reactions of 10 and 8 with Me,Zn—CH,I, were quite similar. As 
should be noted, the major isomer is that arising from an axial-addition mode. On 
treating 8 with diethylzinc or diphenylzinc in the presence of diiodomethane, a- to 
B-ratio of anomers in the products was again found to be ~3:1. Thus, the nature 
of the diorganozinc reagent does not dramatically influence the product distribu- 
tion. The lower level of stereoselectivity observed with this D-glucose derivative, as 
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TABLE II 
REACTIONS OF OTHER PHENYL THIOGLYCOSIDES WITH DIORGANOZINC REAGENTS 


Starting Organozinc Reaction conditions* Product Ratio of Yield (%) 
phenyl thioglycoside _ reagent =_ — a to B anomer 
Temp (°°) — Time (h) 


Me,Zn 45 
Me,Zn 
Et,Zn 
Ph,Zn 
Me,Zn 
Me,Zn 
10° Me,Zn 
li 
12, 13° > 
12, 13° 2 50 


wa 


76:24 67 
77:23 76 
72:28 67 
75:25 48 
67:33 24 
a-chloride* 44 
69:31 60 
73:27 55 
84: 164 80 
81:19 40 


—~ 


m— Wh wW NN WN W 


14° : 48 37:63 91 
2 


25 75:25 68 


“These reactions were all carried out by use of 15 equiv. of the diorganozinc reagent and 8 equiv. of 
diiodomethane in toluene as solvent. Ref. 5. ‘Ref. 14. “Product ratio assigned after debenzylation and 
conversion to the tetraacetates. “See text. ‘Ref. 15. 


BnOCH2 BnOCH> 


10 R = SPh 
11R = SBu 


Bu'PnSiOCH2 Bu'Ph,SiOCH, 


15k = 
16 R 


compared to that observed for the L-lyxose derivative, presumably reflects the 
ability of the 1,3-dioxolane ring in the latter to significantly shield the pyran ring 
from attack in the equatorial direction (i.e. , the concave-face attack is hindered). 
Interestingly, the butylthio derivatives 9 and 11 of D-glucose differed con- 
siderably in their reactivity towards Me,Zn—CH,I,. Whereas the a anomer I1 
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reacted within 4 h at 50° to provide a 73:27 mixture of a- and B-D-glucosylmethane, 
the 6B anomer 9 required heating for 12 h at 90° in order to generate even small 
amounts of the desired products. On treating 9 with Me,Zn—CH.,lI, for 4 h at 50°, 
followed by a workup with hydrochloric acid, only the corresponding glucosyl 
chloride could be isolated. Apparently, the sluggish character of 9 in the zinc reac- 
tion reflects both the poorer-leaving group ability of a butylsulfonium relative to a 
phenylsulfonium ion-group, as well as the inability of the lone pairs on the pyran- 
ring oxygen atom to participate in the cleavage process'!. 

On treatment of a 1:1 mixture of the D-mannose-derived phenyl thioglycosides 
12 and 13 with either dimethylzinc or diphenylzinc, the products of axial attack 
again preponderated. The presence of the B-axial benzyloxy group at C-2 may be 
responsible for the slight enhancement in axial selectivity relative to the D-glucose 
examples. 

When the phenylthio derivative of a-D-ribose 14 was subjected to Me,Zn- 
CH,I,, a mixture of furanosylmethanes was formed in excellent yield. To the major 
product was assigned a B-D configuration (15) based upon an examination of the 
chemical shift and coupling data of 15 and 16 vis-a-vis that reported for related 
compounds". 

On exposing the O-acetylated derivative 17 of D-glucose to the standard reac- 
tion conditions, it was interesting to find that none of the expected glucosylmethane 
was formed. Instead, the 1,2-O-isopropylidene derivative of D-glucose 19 was 


isolated in 51% yield. This compound, whose structure was made apparent by 'H- 
n.m.r. analysis, presumably resulted from attack of the C-2 acetate group on the 
anomeric center backside to the departing sulfur group. The resulting acyloxonium 
ion 18 then suffered attack by the dimethylzinc leading to the O-isopropylidene 
derivative. Not unexpectedly, the a anomer of 17 gave rise to a complex mixture 
of products. The zinc reaction was also applied to the phenylthio derivative 21 
prepared from 3,4,6-tri-O-acetyl-1,5-anhydro-2-deoxy-D-arabino-hex-1-enitol (20) 
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SPh SPh 
Et,Zn-CHCl, 
me op, Ph 
(105°, ) T H 


23 (69 %e) 24 (7 %e) 


Me.Zn—CHCl, 


(75°,16h) 


SPh 


26 (43 %e) 


by Ferrier rearrangement!>. In this case, the new alkyl group entered into the pos- 
ition @ to the pyran-ring oxygen atom, and by literature comparisons the major 
anomer was found to have the a-D configuration? (33). 

While we have attempted to extend the foregoing chemistry to another type 
of a-heteroatom containing sulfur system, the thioacetals rather complicated mix- 
tures of products were found to be formed when these materials were exposed to 
diorganozinc reagents in the presence of various halocarbons. The bis(phenyl- 
thio)acetal 22 of phenylacetaldehyde reacted, for example, with diethylzinc in the 
presence of chloroform as solvent to give rise to the expected substitution product 
23, in which one of the phenylthio groups was replaced by an ethyl group. Addition- 
ally, some of the product of reduction 24 was isolated as well. In other cases, elimi- 
nation of one of the thio groups to afford a vinyl sulfide was also observed, e.g., 25 
to give 26 and 27. A recent report by Rodriguez and Nickon describes the use of 
similar methodology for the conversion of dithioacetals into vinyl sulfides!’. 

In summary, the phenyl thioglycosides, when treated with diorganozinc 
reagents in the presence of halocarbon additives, lead to reasonable yields of C- 
glycosyl compounds. The resulting configuration does appear to be consistent with 
an axial attack on an oxonium-ion intermediate. The organozinc procedure thus 
offers a further addition to the rapidly growing number of new methods available 
for C-glycosyl construction>*. 








TABLE Ill 


Compound 'H-N.m.r.4 


(4-O-tert-Butyldimethylsilyl- 3.97 (m, 1 H), 3.90 


2,3-O-cyclohexylidene-L- (m, 1 H), 3.71 (dd, 
lyxopyranosyl)-methane, 1H, J 8.49, 5.05 
a anomer (5) Hz), 3.59 (m, 2H), 


3.27 (dt, 1H, 

J 6.1, 2.02 Hz), 
1.25—1.60 (m, 10 H), 
1.15(d,3H,J6.1 
Hz), 0.83 (s, 9 H), and 
0.03 (s, 6 H) 


-ethane, a anomer 4.03 (m, 1H), 
3.96 (m, 1 H), 
3.80 (dd, 1H, 
J8.2,5.1 Hz), 
3.67 (m, 2H), 
3.15 (dt, 1 H, 

J 8.29, 4.04 Hz), 

1.6(m, 12H), 
0.98 (t, 3 H, 

J 6.94 Hz), 0.88 

(s, 9H), and 0.09 (s, 6 H) 


(2,3-O-Cyclohexylidene- 4.21 (m, 1H), 
L-lyxopyranosyl)-propane 3.97 (m, 1 H), 
q@ anomer 3.85 (m, 3H), 


3.19 (dt, 1H, 
J 8.46, 3.56 Hz) 
2.44 (d,1H,J 
8.46 Hz), 1.60 
(m, 14H), and 0.93 
(t, 3H, J 6.99 Hz) 









































'H-N.M.R.. LR.. MS.. AND H.R.M.S. DATA FOR THE C-GLYCOSIDE COMPOUNDS 


I. r. N 
2960, 3 
2860, 1510, 2' 


1420, 1360 
1250, 1190, 
1090, 1040, 
1010, 930, and 
840° 


2950, 3: 
1600, 1460, 3; 
1360,1250, 


1090, 1050, 
890, and 840° 


3580, 2 
2950, 2850, 2) 
1520, 1460, 

1370, 1200, 

1160, 1110, 

1080, 1035, 

970, 920, and 

830° 





M.s. H.r.m.s. (Anal. ) 


342 (M*), Calc. for C,,H,,0,Si: 342.2226. Found: 342.2226. 


299, and 285 


356 (M*), Calc. for C,JH,,O0,Si: 356.2383. Found: 356.2384. 


327 (M* — Et) 


")s Calc. for C,,H,,0,: 256.1675. Found: 256.1674. 








‘dV 


TASMONIZOM 


YALL 'V AMIONON “L 





-butane, a anomer 


-butane, B anomer 


-1-methylpropane, a anomer 








































4.21 (brs, 1H), 
3.97 (br d, 1 H, 
J 6.27 Hz), 3.85 


(m, 3 H), 3.17 (dt, 


J 8.49, 3.44 Hz), 
2.15 (d, 1 H,J 
8.29 Hz), 1.7 
(m, 10H), 1.35 
(m, 6H), and 0.9 
(t,3H,J7.1 Hz) 


4.04 (dd, 1H, 
J 5.46, 2.22 Hz), 
3.9 (m, 2H), 3.8 
(m, 1 H), 3.55 
(dt, 1 H, J 5.86, 
2.02 Hz), 3.07 
(t, 1 H,J 10.81 
Hz), 2.0 (d, 1H, 
J 3.64 Hz), 1.77 
(m, 10 H), 1.35 


(m, 6H), and 0.9 (t, 


3H, J 7.1 Hz) 


4.23 (m, 1 H), 
4.06 (dd, 1H, 
J 9.1, 5.25 Hz), 
3.95 (m, 1 H), 
3.75 (m, 2H), 
3.14 (dd, 0.5 H, 
J 9.3, 3.4 Hz), 
3.07 (dd, 0.5 H, 
J 9.3, 5.25 Hz), 
2.1 (m, 1H), 1.6 


(m, 10 H), and 1.3-0.9 


(m, 9H) 








3550, 
3400, 2900, 
2850, 1450, 
1440, 1390, 
1355, 1315, 
1260, 1235, 
1190, 1150 
1100, 1060, 
1040, 980, 
905, and 880° 


3600, 

3430, 2950 
2850, 1450 
1430, 1360, 
1260, 1235, 
1190, 1150, 
1100, 1085, 
1055, 1030, 
930, and 900° 


RK) 


3600, 2 
3420, 2920, 2 
2850, 1450, 

975, and 930° 






270 (M*) Calc. for C,,HyO,Si: 384.2696. Found: 384.2697. 
(for the mixture of silyl ethers) 
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270 (M*) 


270 (M*) Calc. for C,,H4O,Si: 384.2696. Found: 384.2692. 
237 (for the mixture of silyl ethers) 





Table III (continued) 


Compound 


-1-methylpropane, B anomer 


-1-methylethane, a anomer 


-1-methylethane, B anomer 


'H-N.m-r. 


4.17(m,1H), 
3.9(m, 2H), 3.8 
(m, 2 H), 3.1 (dd, 
1H, J 8.9, 2.22), 
3.03 (dt, 1 H, J 
11.2, 2.02 Hz), 
1.6(m, 10 H), and 
1.20.9 (m, 9 H) 


4.23 (br d, 1 H, 

J 6.49 Hz), 4.03 
(dd, 1H, J 8.95, 
5.25 Hz), 3.95 
(br d,1H,J 

6.67 Hz), 3.72 
(m, 2 H), 3.00 
(dd, 1 H, J 9.09, 
5.25 Hz), 2.10 
(d,1H,J8.49 
Hz), 1.83 (m, 1H), 
1.6(m, 10 H), 1.0 


(d, 3 H, J 6.87 Hz), and 
0.95 (d, 3 H, J 6.67 Hz) 


4.17 (dd, 1H, J 
5.25, 2.36 Hz), 
3.9(m, 2H), 

3.78 (m, 1H), 
3.11 (dd, 1H, 
J9.4,2.2 Hz), 
3.03 (t, 1H, J 
11.11 Hz), 2.11 
(d, 1 H, J 3.64 Hz), 
2.05 (m, 2 H), 1.55 
(m, 10 H), 1.05 


(d, 3 H, J 6.67 Hz), and 
0.97 (d, 3 H, J 6.67 Hz) 










































Ir. M 


3400, 

2950, 2850, 
1455, 1370, 
1350, 1185, 
1160, 1115, 
1085, 1060, and 
935° 


Nm NN 


3630, 

3480, 2950, 
2870, 1450, 
1430, 1370, 
1350, 1315, 
1260, 1190 
1155, 1090, 
1060, 1035, 
970, 905, and 
850° 


Nm nN 


3600, 
3400, 2930, 
2890, 1450, 
1360, 1345, 
1315, 1260, 
1240, 1190, 
1156, 1105, 
1085, 1065, 
1015, 980, 
960, 930, and 
880° 


NN 








M:s. 


270 (M*) 
237 


256 (M*), and 
213 (M* — iPr) 


256 (M*) 
213 (M* — iPr) 


H.r.m.s. (Anal.) 


Calc. for C,9H,,0,Si: 370.2540. Found: 370.2539. 
(for the mixture of silyl ethers) 
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(2,3,4,6-Tetra-O-benzyl- 7.41-7.09 (m, 
D-glucopyranosyl)-methane, 5.00-4.41 (m, 
a anomer (29) 27 (quintet, 


J 6.6 Hz) 
B anomer (29) 7.42-7.08 (m, 
4.49(m,6H), 


3.65 (m, 4H), 
3.46(m,2H), 


-ethane, a anomer (30) 7.40-7.06 (m, 
704.42 (m, 
97—3.87 (m, 
3.83-—3.49 (m, 
1.71 (quintet, 
J7.4Hz), and 


Ww WN 


-ethane, B anomer (30) 7.41-7.05 (m, 
4.96—4.42 (m, 


3.51 (m, 4H), 
3.12(m, 3H), 


-benzene. a,B anomers (28) 7.80—7.00 (m, 
5.24(d, 1 H,J 


(m, 6H) 





20 H), 
8 H), 
1H, 


J 6.6 Hz), 3.86-3.51 
(m, 6H), and 1.29 (d,3 H, 


20 H), 


4.88 (s, 2 H), 4.86 


3.85 
3.48 
3.20 


(t,2H,J 10.5 Hz), and 
22 (d, 3H, J 6.6 Hz) 


20 H), 
8 H), 
1 H), 
6H), 
2H, 
1.14 


(t,3H,J 7.4 Hz) 


20 H), 
6H), 


4.90 (s, 2 H), 3.83- 


3.45- 
1.97 


1.85 (m, 2 H), and 1.00 
(t.3H,J7.4 Hz) 


25 H), 


4.6 Hz), 5.01+4.41 
(m, 8 H), and 4.19-3.44 





3040. d 
2930, and 1050 


3040, 
2940, and 1050: 


3040, 
2930, and 1050! 


3040. 
2930, and 1050* 


3070. 
3040, and 1045 





447 (M* 


50 


447 (M* 


50: 


461 (M?* 


50 


461 (M?* 


50% 


509 (M* 


1S: 


C,H.CH,) 


C,H.CH,) 


C,H.CH,) 


C.H.CH,) 


C,H.CH,) 


Calc. for C,,H,,0.: 447.2172. Found: 447.2171 


Calc. for C,,H,,0.: 447.2172. Found: 447.2171 


Calc. for C,JH,,0,: 461.2328. Found: 461.2327 


Calc. for C,,H.,.0.: 461.2328. Found: 461.2328 


Calc. for C,,H,,0.: 509.2329. Found: 509.2327. 
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Table III (continued) 
Compound 


(2,3,4,6-Tetra-O-benzyl- 


D-mannopyranosyl }-methane, 


a,B anomers (31) 


-benzene, a anomer (32) 


B anomer (32) 


16 








'H-N.m-.r. Ir.” j 
7.42-7.05 (m, 20 H), 3040, 4 
4.86—3.43 (m, 7 H), and 2940, 1450, and 
1.21 (d,3H,J6.3 Hz) L090 
7.43—7.11 (m, 25 H), 3050, 5 


5.03 (d, 1 H, J 

4.9 Hz), 4.75-4.45 

(m, 8 H), 4.08 (dd, 

1H, J 4.9, 3.1 Hz), 
4.00-3.85 (m, 4H), and 
3.70 (dd, 1 H, J 6.6, 3.3 Hz) 


2940, and 1090: 


3040, : 
2950, and 1100 


7.10~7.50 (m, 25 H), 
4.94-4.35 (m, 9 H), and 
4.26-3.55 (m, 6 H) 


2950 and 3 
1100 


7.68—7 .32 (m, 10 H), 

4.84 (d, 1 H, 6.0 Hz), 
4.60 (dd, 1 H, J 

5.4, 5.1 Hz), 4.22 

(dg, 1 H, J 7.0, 4.0 

Hz), 4.09 (t, 1 H, 

J 5.0 Hz), 3.74 (dd, 

1 H, 11.0, 5.0 Hz), 3.66 
(dd, 1 H, 11.0, 5.0 Hz), 
1.49 (s,3 H), 1.34 (s,3 H), 
1.28 (d,3 H, J 6.1 Hz), and 
1.03 (s,9 H) 


2950, ; 
1110, and 1060¢ 


7.75—7.33 (m, 10 H), 

4.73 (dd, 1 H, J 

6.4, 3.8 Hz), 4.25 
(t,1H,J6.1 Hz), 
4.05—3.95 (m, 2H), 

3.77 (d, 1 H, J 3.9 Hz), 
1.53 (s, 3 H), 1.33 

(s, 3H), 1.31 (d, 3H, 

J 6.5 Hz), and 1.06 (s, 9 H) 





M.s. H.r.m.s. (Anal.) 


447 (M* — C,H;CH,) Calc. for C,,H,,O,: 447.2172. Found: 447.2171. 
nd 


509 (M*+ — C,H,CH,) Calc. for C,,H,,0,: 509.2329. Found: 509.2331. 


uy 
509 (M+ — C,H;CH,) 
Lb 
369 (M* — Bu') Calc. for C,,H,,O,Si: 369.1522. Found: 369.1524. 
369 (M* — Bu‘) Calc. for C,,H,,O,Si: 369.1522. Found: 369.1522 
50 


OCI 
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¢é 


ANIONOM 


YALL V - 





(33) 


B anomer 


19 


4For a solution in (7H)chloroform. °For a solution in chloroform. ‘For a film. 


(4,6-Di-O-acetyl-2 ,3-dideoxy- 
D-erythro-hex-2- 
enopyranosyl)ethane, a anomer 





5.81 (d, 1 H, J 2950, 
10.3 Hz), 5.72 (d, 1 H) 1736, 1455, 


1H, J 10.3 Hz), 5.25 1210, and 1080: 


(d, 1 H,J8.8 Hz), 
4.28-4.09 (m, 6H), 

3.71 (ddd, 1 H, J8.8, 

5.8, 2.6 Hz), 2.10 (s, 

3 H), 2.08 (s, 3 H), 1.60 
(qd, 2H,J7.4, 2.5 Hz), and 
0.93 (t, 3H, J 7.4 Hz) 


5.92 (ddd, 10.5, 2.4 2950, 
1.5 Hz), 5.78 (dt, 1736, 1450, 
10.5, 2.4 Hz), 5.17- 1220, and 1090: 


5.09 (m, 1 H), 4.22 
(dd, 1 H, 11.8, 6.5 
Hz), 4.18—4.08 (m, 

2 H), 3.92 (td, 1H, 
J 6.5, 3.5 Hz), 

2.10 (s, 3 H), 2.09 
(s, 3 H), 1.78—1.49 
(m, 2 H), and 1.00 (t, 
3H, J 7.4 Hz) 


5.60 (d, 1 H, J 2990, 
5.0 Hz), 5.19 (t, 1 H), 1740, 1215, 
J 3.3 Hz, 4.90 (dd, 1H, 1020 


J 9.6, 2.8 Hz), 4.22 (dd, 1H, 
J 12.0, 4.8 Hz), 4.19 

(dd, 1 H, J 12.0, 3.0 Hz), 
4.11 (ddd, 1H, J 9.6, 

4.8, 3.0 Hz), 2.11 (s,3H), 
2.10 (s, 3 H), 2.09 (s, 3 H), 
1.61 (s,3 H), and 1.35 

(s,3 H) 











213 (M* — C,H.) Calc. for C,gH,,0.,: 213.0763. Found: 213.0763. 


0 


213 (M*+ — C,H.) Calc. for C,gH,,0,: 213.0763. Found: 213.0758. 


OU 


331 (M* — CH,) Calc. for C,,H,Q,: 331.1029. Found: 331.1037. 
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EXPERIMENTAI 


General methods. — Melting points were recorded with a Thomas—Hoover 
melting point apparatus and are uncorrected. Optical rotations were determined 
with a Perkin-Elmer 241 polarimeter. I.r. spectra were recorded with a Perkin- 
Elmer 247 grating infrared spectrometer using the polystyrene absorption at 1601 
cm~! as a reference. 'H-N.m.r. spectra were recorded with a Varian EM-390 (90 
MHz) or a Bruker WH-300 (300 MHz) instrument using tetramethylsilane as an 
internal standard (6 0.00). Low-resolution mass spectra were recorded with a LKB 
9000 A GC-mass spectrometer and high-resolution mass spectra with a Varian 
MAT CH-S5DF mass spectrometer. T.l.c. was performed on Merck precoated Silica 
gel 60 F 254 glass plates, layer thickness 0.25 mm, with fluorescent indicator. The 
spots were detected by staining with a solution of (NH,);MO,O,, -4 H,O (16 g) 
and Ce(SO,)-n H,O (1 g) in 10% H,SO, (500 mL). Liquid chromatography was 
performed on a Waters Associates instrument using a u-Porasil column. Column 
chromatography was performed on silica gel (70-230 mesh) from EM Reagents. 
All reactions were carried out under an inert atmosphere of Ar or N,. 

General procedure. — An oven-dried, resealable tube was purged with a slow 
stream of N,, and then charged with the thioglycoside as a solution in benzene or 
toluene (~50mM) and diiodomethane (8 equiv.). The zinc reagent (~15-fold 
excess) was added dropwise, and the tube was sealed and heated at 40—S0° for 
several hours. The tube was cooled in an ice-bath, and the reaction was quenched 
by the dropwise addition of methanol until effervescence ceased. A 5% solution of 
HCl was added dropwise, and the resulting mixture was extracted with dichloro- 
methane. The organic layer was washed with aqueous NaHCO, solution, dried 
(MgSO,), concentrated, and chromatographed. The spectral data of the C-glycosyl 
compounds obtained are reported in Table III. 

[5-O-(tert-Butyldiphenylsilyl)-2,3-O-isopropylidene-B-D- (15) and -a-D-ribo- 
furanosyl|\methane (16). — According to the general procedure, phenyl 5-O-(tert- 
butyldiphenylsilyl)-2 ,3-O-isopropylidene-1-thio-a-D-ribofuranoside (14) (28 mg, 54 
pmol) was treated with diiodomethane (52 uwL, 0.54 mmol) and dimethylzinc (51 
mg) in benzene (1 mL) for 20 h at 48°. After workup, the crude mixture of 15 and 
16 was chromatographed on silica gel with 5% ethyl acetate—hexane as eluent to 
give 13.2 mg of the less polar isomer 15, and 7.7 mg of the more polar isomer 16 
(91% yield, ratio a: B 37:63). 

Anal. (mixture of 15 and 16) Calc. for C,;H,,OSi: C, 70.38; H, 8.03. Found: 
C, 70.30; H, 7.89. 

(2,3,4,6-Tetra-O-benzyl-a,B-D-glucopyranosyl)benzene (28). — According to 
the general procedure, phenyl 2,3,4,6-tetra-O-benzyl-1-thio-8-D-glucopyranoside 
(8) (22 mg, 35 uwmol) was treated with diiodomethane (22 wL, 8 equiv.) and 
diphenylzinc (77 mg, 10 equiv.) in benzene (0.7 mL) for 2 h at 50°. After quenching 
the reaction, the crude mixture was chromatographed on silica gel with 20% ethyl 
acetate—hexane as eluent to give a mixture (10 mg) of the a- and B-pD-gluco- 
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pyranosylbenzenes 28 (48%). Integration of the 'H-n.m.r. signals of the mixture 
showed that the @ to B ratio of anomers was 3 to 1. The assignment of the a-p 


configuration to the major anomer was confirmed by conversion into the corre- 
sponding tetraacetate and comparison with an authentic sample prepared as 
described earlier'*. The presence of the minor B-D anomer was confirmed by com- 
parison of its 'H-n.m.r. spectrum with the spectrum of an authentic sample pre- 
pared from 2,3,4,6-tetra-O-acetyl-B-D-(glucopyranosyl)benzene'® by acetate cleav- 


age and benzylation. 
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ABSTRACT 


2,3,5-Tri-O-methyl-D-ribofuranosyl fluoride (6), 2,3-di-O-benzyl-5-O- 
methyl-p-ribofuranosyl fluoride (7), and 5-O-benzyl-2,3-di-O-methyl-D-ribo- 
furanosyl fluoride (8) were obtained in 57 (6a@, 15; and 6B, 42), 87 (7a@, 22; and 7B, 
65), and 85.5 (8a, 35.5; and 8B, 50%) yields, respectively, from the corresponding 
OH-1 derivatives by the reaction with N, N-diethyl-1,1,2,3,3,3-hexafluoropropyl- 
amine, adduct of hexafluoropropene with diethylamine. These fluorides and 2,3,5- 
tri-O-benzyl-p-ribofuranosyl fluoride (5) reacted with isopropenyl trimethylsilyl 
ether, (Z)-1-ethyl-1-propenyl trimethylsilyl ether, and allyltrimethylsilane, in the 
presence of boron trifluoride - diethyl etherate to give the corresponding 1-D-ribo- 
furanosyl-2-propanones, 2-D-ribofuranosyl-3-pentanones, and 3-D-ribofuranosyl-1- 
propenes in good yields. C-Acetonylation was confirmed to afford the a-D anomer 
as the initial product, and the a-D anomer was isomerized into the corresponding 
B-D anomer to give a mixture. The C-allylation reaction gave only the a-D anomer. 
C-Pentanonylation, however, gave a mixture of diastereoisomers that could not be 
isolated. All reactions afforded almost the same results starting with either a- or 
B-bD-ribofuranosyl fluoride. No reaction of the B anomer of 5 with 1-isopropyl-2- 
methyl-1-propenyl trimethylsilyl ether took place. 


INTRODUCTION 


Glycosyl fluorides have been shown to be excellent glycosyl donors?” and 
subsequently have been used for glycosylation by several groups*~''. We have also 
reported the reactions of 2,3,5-tri-O-benzyl-B-D-ribofuranosyl fluoride with iso- 
propenyl trimethylsilylether!?:'°, allyltrimethylsilane', and cyanotrimethylsilane’. 


*Synthetic studies by the use of fluorinated intermediates. Part 3. For Part 2, see ref. 1. 


0008-62 15/87/$ 03.50 © 1987 Elsevier Science Publishers B.V. 
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The first two reactions were shown to proceed with a remarkably high stereo- 
selectivity to give preponderantly the a-D anomer. The last reaction, in contrast, 
afforded, as the initial products, isonitrile derivatives that were then subjected to 
isomerization into the corresponding cyanide derivatives, thus proceeding with low 
stereoselectivity. On the basis of the high stereoselectivity of the first two reactions, 
we investigated the reaction of some other D-ribofuranosyl fluoride derivatives with 
enol trimethylsilyl ethers and allyltrimethylsilane, and the results are described 


herein. 
RESULTS AND DISCUSSION 


Preparation of D-ribofuranosyl fluoride derivatives. — 2,3,5-Tri-O-benzyl-pD- 
ribofuranosyl fluoride (5) was prepared by the treatment of 2,3,5-tri-O-benzyl-D- 
ribofuranose (1) with N,N-diethyl-1,1,2,3,3,3-hexafluoropropylamine (Ishikawa 
reagent; the adduct of hexafluoropropene with diethylamine) as previously re- 
ported!?:!4, 2,3,5-Tri-O-methyl- (6), 2,3-di-O-benzyl-5-O-methyl- (7), and 5-O-ben- 
zyl-2,3-di-O-methyl-D-ribofuranosyl fluoride (8) were prepared by treatment with 


CF, CHFCF.,NEt 
‘ — — 
CHCl. 


8 R= Me,R = Bn 


the Ishikawa reagent (1.5 mol. equiv.) with 2,3,5-tri-O-methyl-'> (2), 2,3-di-O-ben- 
zyl-5-O-methyl- (3), and 5-O-benzyl-2,3-di-O-methyl-D-ribofuranose (4), respec- 
tively. All of these reactions, except that of 2, proceeded smoothly in dichloro- 
methane at room temperature to give 7 in 87% (22% of 7a@ and 65% of 7B) and 8 
in 85% (35.5% of 8@ and 50% of 8B) yield. The reaction of 2 was accompanied by 
undesirable discoloration to give 6 in ~40% yield. The yield was improved up to 
57% (15% of 6@ and 42% of 6B) by decreasing the proportion of the Ishikawa 
reagent to 1-1.1 mol. equiv. An attempt at permethylation of methyl B-D-ribo- 
furanoside'® by the Hakomori method!’ was unsuccessful, giving methyl 2,3,5-tri- 
O-methyl-6-p-ribofuranoside in ~10% yield only. The reaction with methyl 
iodide—pulverized sodium hydroxide in dimethyl sulfoxide'® unexpectedly resulted 
in a 40% yield at most, in spite of several trials; this might be due to the preparation 
of pulverized sodium hydroxide on a preparative scale. The method of Wallenfelds 
et al.'? using silver oxide—methyl iodide in N,N-dimethylformamide was approp- 
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riate, giving the permethylated B-p-ribofuranoside in ~80% yield. Compounds 3 
and 4 were prepared from methyl 2,3-O-isopropylidene-B-D-ribofuranoside”’ by 
methylation (methyl iodide-sodium hydride) or benzylation (benzyl bromide- 
sodium hydride), followed by O-deisopropylidenation with aqueous methanol—p- 
toluenesulfonic acid, benzylation or methylation, and hydrolysis with hydrochloric 
acid in aqueous 1,4-dioxane. 

The structure of the D-ribofuranosyl fluoride derivatives, 6a@, 6B, 7a, 7B, 8a, 
and 8B was confirmed by comparing the 'H-n.m.r. and '°F-n.m.r. spectra with those 
of 5 (a and B anomer)!*:'*. A characteristic difference was observed between the 
F-n.m.r. spectra of the a and B anomers: the a anomers gave a quartet with larger 
splitting widths (J; , 52-62, J, ,; 19-22 Hz), and the B anomers a doublet (J, ; 51-58 
Hz) with fine structures of small splitting width (3.5—4 Hz). These fine structures 
were apparently a quintet which might result from the overlapping of a doublet and 
a triplet (J,,;, J;-, and J,,). This corresponds well to the difference observed 
between the '°F-n.m.r. spectra of the 2,3,5-tri-O-acyl-p-ribofuranosyl fluoride 
anomers?!. 


Reactions of some D-ribofuranosyl fluoride derivatives with trimethylsilyl com- 
pounds. — These reactions were performed with isopropeny] trimethylsilyl ether?” 
(9), (Z)-1-ethyl-1-propenyl trimethylsilyl ether?> (10), 1-isopropyl-2-methyl-1-prop- 
enyl trimethylsilyl ether*4 (11), and allyltrimethylsilane (15). All reactions were in- 
duced by the catalysis of boron trifluoride - diethyl etherate, which has been effec- 
tive!:!*:!3 in the reactions of 5 with 9 or 15, in diethyl ether and dichloromethane in 
the presence of molecular sieves at room temperature (see Table I). The reaction 
of the B anomer of 5 with 9 was complete within 5 min and gave 4,7-anhydro-5,6,8- 
tri-O-benzyl-1,3-dideoxy-D-altro-2-octulose [1-(2,3,5-tri-O-benzyl-a-D-ribofurano- 
syl)-2-propanone]!?:!> 12@ (Table I). In view of the excellent reactivity of 5B, this 
compound was treated with 10 and 11. The reactivity of 10 was found to be lower 
compared with that of 9 (Table I). However, the reaction in dichloromethane was 
clearly improved to give 5,8-anhydro-6,7,9-tri-O-benzyl-1 ,2,4-trideoxy-4-C-methyl- 
p-3-nonulose [2-(2,3,5-tri-O-benzyl-D-ribofuranosyl)-3-pentanone| (13) in 92% 
yield (Table I). Compound 13 was a mixture of diastereoisomers, hardly separable, 
giving only a trace amount of isomerically pure compound. In this case, the 





128 Y. ARAKI, N. KOBAYASHI, Y. ISHIDO, J. NAGASAWA 


TABLE | 


REACTION OF D-RIBOFURANOSYL FLUORIDES (5, 6, 7, AND 8) WITH ENOL TRIMETHYLSILYL ETHERS (9, 10, 
AND 11) AND WITH ALLYLTRIMETHYLSILANE (15) 


Fluoride Me,Sicpd. Solvent Reaction BF,-OEt, Product yield(%) Recovery 
time (mol. (a: B°) yield (%) 
(min) equiv.) 


Et,O 0.05 12 94.6 (20:1) 
Et,O 0.05 13 52.1 
Et,O 0.1 13 61.3 
CH,Cl, 0.05 13 91.9 
Et,O 0.1 (no reaction) 
Et,O 14 23.4 
CH,Cl, 0.5 (no reaction®) 
CH,Cl, 0.05 16 93.1 (100:0) 
Et,O 0.05 89 (20:1) 
CH,Cl, 0.05 93.4 (100:0) 
Et,O 0.05 90.2 (1.8:1) 
Et,O 0.025 39.0 (100:0) 
CH,Cl, 0.05 76.4 
CH,Cl, 0.05 88.4 (100:0) 
Et,O | 0.05 34.6 (100:0) 
Et,O 0.2 83.0 (100:0) 
CH,Cl, 0.05 89.4 
CH,Cl, 0.05 90.3 (100:0) 
Et,O 0.05 27.0 (100:0) 
CH,Cl, 0.05 90.3 (100:0) 
Et,O 0.025 42.4 (100:0) 
8B CH,Cl, 0.05 84.2 (100:0) 
8a Et,O ‘ 0.05 58.5 (4.5:1) 
8a, p* Et,O 0.2 85.6 (1.3:1) 
8a, B CH,Cl, 0.05 19 75.2 (100:0) 


“All reactions were performed by the use of a D-ribofuranosyl fluoride derivative (100 mg) and a tri- 
methylsilated compound (2 mol. equiv.) in a solvent (2 mL) in the presence of 4A molecular sieves (1 
g) at room temperature. ’The ratio was estimated by 'H-n.m.r. spectra (-CH,CO- and -COCH,). “Data 
from refs. 12 and 13. ?The formation of 14 was deduced on the basis of t.l.c. ‘Data from ref. 1. /Deterio- 
ration of BF,;-OEt, might have brought about extremely low yield, but stereoselectivity was clearly 
noticed. &~1:1 Mixture of 8@ and 88. 


stereoselectivity was lowered considerably by an anomerization similar to that of 
5B with 9, in which 12a@ was isomerized into 128 by extending the reaction time or 
performing the reaction in dichloromethane!*!. No reaction of 5B with 11 took 
place, as the expected C-glycosyl compounds would bear a tertiary carbon atom, a 
stereochemically crowded structure, but compound 14, which probably arose from 
an intramolecular Friedel—Crafts reaction, was obtained from the reaction mixture*. 
This compound was also obtained from the treatment of 58 with less nucleophilic 


*The structure of compound 14 will be reported in a forthcoming publication. 
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BnOCH> 


agents, such as trimethylsilylacetylene and ethyl trimethylsilylacetate?, and by 
treatment” of 5B with BF,- OEt,. 

The reaction of 5@ with 9 also gave 12a in a high yield with high stereoselec- 
tivity similarly to the reaction of 5B with 9. Moreover, both of the reactions of 5B 
and Sq@ with allyltrimethylsilane (15) gave the same product, i.e., 4,7-anhydro- 
5,6,8-tri-O-benzyl-1,2,3-trideoxy-D-altro-oct-1l-enitol [3-(2,3,5-tri-O-benzyl-a-D-ri- 
bofuranosyl)-1-propene]! (16) (Table I); no B-pD anomer was detected at all. Com- 
pound 16 was not susceptible to isomerization, in contrast to 12@ which was iso- 
merized into 128 in dichloromethane solution. Such preponderant formation of 
12a@ and 16 from either 5B or 5q@ led to the conclusion that these reactions pro- 
ceeded via an SN1 mechanism by way of a D-ribofuranosyl cation!:!2.!5, 

It is very interesting that both of the fluorides 5B and 5@ underwent an SN1- 
like reaction to give a C-glycosyl compound composed of an a-D anomer almost 
completely. The preferred formation of a-D-glycosyl compounds in the pyranose 
series is widely explained by the anomeric effect”’. As the furanose ring tends to 
have a considerable flexibility due to pseudorotation, it has been difficult to explain 
the stereoselectivity of the furanosylation reaction by the anomeric effect*®. The 
mutual stability of a pair of anomers has been discussed on the basis of such a steric 
effect as the 1,2- or 1,3-nonbonded group interaction. Generally, the 1,2-trans (B- 
D-ribo) is more stable energetically than the 1,2-cis relationship (a@-D-ribo), al- 
though the difference may not be great’?. As the proportion of a to B in 12 at 
equilibrium was ~1:2.5 (refs. 12, 13), the B-D anomer is a little more stable than 
the a-D anomer, and the steric factors are not controlling the attacking direction of 
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the nucleophile. A similar stereoselectivity was observed when the reaction was 
performed in dichloromethane (Table I) and, thus, a stereocontrol by solvent effect 
is difficult to take into consideration. The formation of 14 by the treatment of 58 
with 11 (23% yield) (Table I), and by the treatment of 58 with BF,-OEt, (0.5 and 
1.5 mol. equiv.) in dichloromethane and ether (83 and 47%, respectively)”° led to 
assumption of an anchimeric effect, by interaction of the phenyl group of the O- 
benzyl substituent toward a C-1 carbenium ion, as a potential factor of such stereo- 
control. Participation of the phenyl group in synthetic organic chemistry is well 
known””*!, although not in the field of carbohydrate chemistry. A study with Dreid- 
ing models demonstrated that both phenyl groups of the 2- and 5-O-benzyl sub- 
stituents can participate in the interaction with the C-1 carbenium ion; these corres- 
pond to Ar-5 and Ar-7 participation*’. Precise evaluation of the mutual strength of 
the interaction is, however, difficult. In order to confirm the participation of the 
5-O-benzyl group in the a-D-ribofuranosylation, 7 (no benzyl group at O-5 but at 
Q-2), 8 (no benzyl group at O-2 but at O-5), and 6 (no benzyl group at O-2, 3, and 
5) were prepared and treated with 9, 10, and 15 (Table I). Compound 68 with 9 
gave 1-(2,3,5-tri-O-methyl-D-ribofuranosyl)-2-propanone (20) in a good yield, but 
with a low stereoselectivity (a@:B, 1.8:1); one half the amount of BF,-OEt, gave 
almost only the a anomer, but the reaction was not complete. Treatment of 20a@ 
thus obtained with ~1 mol. equiv. of BF,-OEt, showed the almost complete con- 
version into the B anomer after 10 min (‘H-n.m.r.), thus indicating that the reaction 
affords initially the a-D-glycosyl compounds and that the a anomer is isomerized 
into the 6B anomer at a rate higher than that of the isomerization of 12@ into 128. 
Treatment of 6B with 10 gave 2-(2,3,5-tri-O-methyl-D-ribofuranosyl)-3-pentanone 
(21) also in a high yield (proportion of isomers not established), and with 15 gave 
3-(2,3,5-tri-O-methyl-a-D-ribofuranosyl)-1-propene (17) as the sole product (Table 
[), similar to the stereoselectivity observed in the reaction of 58 with 15. 

Treatment of 7B with 9, 10, and 15 similarly gave 1-(2,3-di-O-benzyl-5-O- 
methyl-a-D-ribofuranosyl)-2-propanone (22@), 2-(2,3-di-O-benzyl-5-O-methyl-p- 
ribofuranosyl)-3-pentanone (23) (a mixture of isomers), and 3-(2,3-di-O-benzyl-5- 
O-methyl-a-D-ribofuranosyl)-1-propene (18), respectively, in good yield (Table I). 
The reaction of 8B with 9 gave 1-(5-O-benzyl-2 ,3-di-O-methyl-a-D-ribofuranosy])- 
2-propanone (24a) preponderantly in the initial stage, and that with 15 also gave 
3-(5-O-benzyl-2 ,3-di-O-methyl-a-D-ribofuranosyl)-1-propene (19) in a high yield 
(Table I). 

The a-D-ribofuranosyl fluoride derivative 7a@ also gave the corresponding a- 
D-glycosyl compounds 22@ and 18 preponderantly in the treatment with 9 and 15, 
respectively (Table I). Treatment of 8@ and 8a@,B (1:1 mixture of 8@ and 8B) with 
9 gave a mixture of 24a@ and 248 (Table 1). The large amount of unchanged 8@ 
(nearer to the initial stage of the reaction) and of 24a@ suggests also that the reaction 
gave the a-D-ribofuranosyl compound preponderantly. Treatment of 8@,8 with 15 
also gave 19 as the sole product. 

The structures of the 1-p-ribofuranosyl-2-propanones 20a, 208, 22a, 24a, 
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and 248 were determined by 'H-n.m.r. spectroscopy by comparison with com- 
pounds'?:'> 12@ and 128, and those of the 3-D-ribofuranosyl-1-propenes 17, 18, and 
19 by comparison! with 16*. 

Since the change from O-benzyl to O-methyl groups made no difference, the 
participation of the phenyl group of O-benzyl substituents may be neglected as a 
potential factor of stereoselectivity. The BF,-catalyzed reaction of D-ribofuranosy] 
fluorides with trimethylsilylated nucleophiles was confirmed to proceed very 
efficiently via an SN1-like mechanism with an almost 100% formation of a-D-ribo- 
furanosyl compounds. An alternative stereocontrol by anchimeric effect may exist 
through the ether oxygen atom, since anchimeric participation by benzyloxy and 
methyloxy groups is well known’*’. 


EXPERIMENTAL 


General methods. — The melting point was determined with a Yanagimoto 
Micro-Melting-point apparatus, and is uncorrected. Specific rotations were meas- 
ured with a JASCO DIP-4 polarimeter. I.r. spectra were recorded with a Hitachi 
285 spectrophotometer. 'H-N.m.r. spectra were recorded with a JEOL JNM-FX 
200 (200 MHz) and Nicolet NT-360 (360 MHz) spectrometer, and '°C-n.m.r. 
spectra with a JEOL JNM-FX 200 (S50 MHz) spectrometer, for solutions in CDCl, 
with tetramethylsilane as the internal standard. '"F-N.m.r. spectra were recorded 
with a Hitachi R-24 F spectrometer for solutions in CDCI, with trifluoroacetic acid 
as an external standard. The Ishikawa reagent (commercial name; hexafluoro- 
propylene—diethylamine) and allyltrimethylsilane were purchased from Tokyo 
Chemical Industry, Co., Ltd. and Aldrich Chem. Co., respectively. The solvents 
used were purified and dried according to the usual procedures. 2,3,5-Tri-O-benzyl- 
B-b-ribofuranosyl fluoride’?:'* (5B), 2,3,5-tri-O-methyl-pD-ribofuranose'> (2), 
methyl 2,3-O-isopropylidene-B-D-ribofuranoside*?, 2-propenyl — trimethylsilyl 
ether’ (9), (Z)-1-ethyl-1-propenyl trimethylsilyl ether?? (10), and 1-isopropyl-2- 
methyl-1-propenyl trimethylsilyl ether** (11) were respectively prepared according 
to the methods reported. Flowing column chromatography was performed on 
Kieselgel 60 (Merck, Art. 9385) in benzene-ethyl acetate or hexane-ethy]l acetate. 

Methyl 5-OQ-benzyl-2,3-di-O-methyl-B-D-ribofuranoside and 5-O-benzyl-2,3- 
di-O-methyl-D-ribofuranose (4). — To a solution of methyl 2,3-O-isopropylidene-B- 
b-ribofuranoside (5 g, 24 mmol) in oxolane (40 mL) under an N, atmosphere, was 
added NaH (1.3 g, 27 mmol; petroleum ether content, 55%). The solution was 
stirred until the evolution of H, ceased, and then was treated with tetrabutyl- 
ammonium iodide (90 mg, 0.24 mmol) and benzyl bromide (6 mL, 50 mmol) for 3 
h with stirring. The mixture was treated with silica gel (Wakogel C-300; 1.6 g), 
which was then filtered off and well washed with dichloromethane. The combined 


“The structure of 16 has been identified with that of a known compound”, but the citation in a previous 
paper! is incorrect. 
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filtrate and washings were dried (MgSO,) and evaporated to give a syrup, which 
was then distributed between hexane (30 mL) and acetonitrile (30 mL). The 
acetonitrile layer was evaporated to a syrup which was subjected to chromatog- 
raphy separation in a 40:1 benzene-ethyl acetate system to give methyl 5-O-benzyl- 
2,3-O-isopropylidene-B-D-ribofuranoside (7.1 g, 98.6% yield). This (7 g, 24 mmol) 
was treated in 4:1 methanol—water (150 mL) with p-toluenesulfonic acid mono- 
hydrate (0.5 g, 2.6 mmol) for 2 h under reflux. After being cooled, the acidic solu- 
tion was made neutral with Amberlite IRA-410 (OH) anion-exchange resin. After 
filtration, the solution was evaporated to a syrup which was chromatographed with 
ethyl acetate to give the starting material (1.6 g, 23% recovery yield) and methyl 
5-O-benzyl-B-D-ribofuranoside (3.3 g, 50% yield). This (2.6 g, 10 mmol) was 
treated with methyl iodide (12.5 mL, 200 mmol) and Ag,O (2.3 g, 100 mmol) in 
N, N-dimethylformamide (50 mL) in the dark with stirring at room temperature for 
4 days. The mixture was filtered off, and the residue washed with methanol. The 
combined filtrate and washings were evaporated to a syrup which was again methyl- 
ated as just described. The resulting syrup was chromatographed in 1:1 hexane- 
ethyl acetate to give methyl 5-O-benzyl-2 ,3-di-O-methyl-8-D-ribofuranoside (2.3 g, 
80% yield), syrup, [a]f® +10.3° (c 1.3, chloroform); 'H-n.m.r. (200 MHz): 6 3.36, 
3.40, 3.49 (3 s, 9 H, 3 CH,), 3.54 (dd, 1 H, J, 5 5.9, J; 5, 10.5 Hz, H-5), 3.65 (dd, 1 
H, J, 5, 3.9 Hz, H-5’), 3.71 (d, 1 H, J, 4.9 Hz, H-2), 3.86 (dd, 1 H, J, , 6.8 Hz, 
H-3), 4.21 (ddd, 1 H, H-4), 4.61 (s, 2H, CH,Ph), 4.92 (s, 1 H, H-1), and 7.24~7.32 
(bs, 5S H, C,H,); C-n.m.r. (50 MHz): 6 55.04 (OCH), 58.22 (2 OCH,), 71.47, 
73.16, 80.16, 80.48, 81.92 (C-2-5 and CH,Ph), 105.42 (C-1), 127.45, 128.17, and 
138.15 (C,H). 

Anal. Calc. for C,;H,,0;: C, 63.81; H, 7.85. Found: C, 63.92; H, 7.80. 

A solution of the aforementioned methyl B-D-ribofuranoside (2.3 g, 8.1 
mmol) in 5:1 1,4-dioxane—M HCI was heated at reflux for 2 h. After being cooled, 
it was poured into a saturated NaHCO, aqueous solution to neutralize the acid. 
The solution was evaporated to give a solid which was extracted with acetone 
several times. The combined extracts were evaporated into a syrup which was 
chromatographed with 1:1 hexane-ethyl acetate to give 4 (1.7 g, 78% yield), syrup, 
[a]5° +44.6° (c 2.70, chloroform); 'H-n.m.r. (200 MHz): 6 3.38, 3.42, 3.48, 3.49 (4 
s, 6 H, 2 OCH, of two anomers), 3.38-3.72 (m, 3 H, H-5,5’ and OH), 3.80-4.32 
(m, 3 H, H-2,3,4), 4.48, 4.56 (AB type, J 11 Hz), 4.53, 4.62 (AB type, J 12 Hz) (2 
H, CH,Ph of two anomers), 5.24—5.34 (overlapped bs and bd, 1 H, H-1 of two 
anomers), and 7.27—7.33 (bs, 5H, C,H.) (proportion of anomers ~3:2); °C-n.m.r. 
(50 MHz): 6 58.22, 58.40, 58.49 (OCH,), 70.18, 73.34, 73.42, 79.72, 79.96, 80.04, 
80.19, 80.25, 82.96 (C-2-5, CH,Ph), 127.39, 127.65, 127.74, 128.32, 137.33, and 
137.71 (C,Hs). 

Anal. Calc. for C,,H,,0 5: C, 62.67; H, 7.51. Found: C, 62.36; H, 7.42. 

Methyl 2,3-di-O-benzyl-5-O-methyl-B-D-ribofuranoside and 2,3-di-O-benzyl- 
5-Q-methyl-D-ribofuranose (3). — Treatment of methyl 2,3-O-isopropylidene-B-pD- 
ribofuranoside (5 g, 24 mmol) with methyl iodide (3 mL, 48 mmol) in a similar way 
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to that described for 4 but without tetraethylammonium iodide gave methyl 2,3-O- 
isopropylidene-5-O-methyl-8-pD-ribofuranoside (5.3 g, 100% yield). This (5 g, 23 
mmol) was O-deisopropylidenated as described for 4 to give the starting material 
(1.6 g, 32% recovery yield) and methyl 5-O-methyl-8-pD-ribofuranoside (1.7 g, 42% 
yield). This (1.6 g, 9 mmol) was treated with benzyl bromide (2.2 mL, 19 mmol) as 
described for 4 to give syrupy methyl 2,3-di-O-benzyl-5-O-methyl-B-pD-ribo- 
furanoside (2.8 g, 87% yield), [a]§° +21.1° (c 1.3, chloroform); 'H-n.m.r. (200 
MHz): 63.31 (s, 3 H, OCH,), 3.35 (s, 3 H, OCH;), 3.37 (dd, 1 H, J; 5, 10.3, J, 57.3 
Hz, H-5), 3.52 (dd, 1 H, J, 5, 3.6 Hz, H-5’), 3.81 (d, 1 H, J, , 4.9 Hz, H-2), 3.93 
(dd, i H, J;, 7.1 Hz, H-3), 4.30 (ddd, 1 H, H-4), 4.42, 4.58 (2 H, AB type, J 12 
Hz, CH,Ph), 4.57, 4.64 (2 H, AB type, J 11.5 Hz, CH,Ph), 4.89 (s, 1 H, H-1), and 
7.25-7.36 (bs, 5 H, C,H,); °C-n.m.r. (S50 MHz): 6 50.44, 54.55 (2 OCH,), 67.65, 
67.76, 69.57, 73.77, 74.97, 75.55 (C-2-5 and CH,Ph), 101.72 (C-1), 123.13, 123.24, 
123.68, and 133.10 (C,Hs). 

Anal. Calc. for C,,H,,0O;: C, 70.37; H, 7.31. Found: C, 70.23; H, 7.26. 

The compound (2.7 g, 7.5 mmol) just described was hydrolyzed as described 
for 4 to give syrupy 3 (2.1 g, 81% yield), [a]4’ +54.8° (c 2.78, chloroform); 'H- 
n.m.r. (200 MHz): 6 3.29, 3.31 (2 s, 3 H, OCH,), 3.30-3.60 (m, 2 H, H-5,5’), 
3.80-4.35 (m, 4 H, H-2,3,4 and OH), 4.38-4.75 (m, 4 H, 2 CH,Ph), 5.27-5.35 (m, 
1 H, H-1), and 7.24~-7.32 (m, 10 H, 2 C,H.) (proportion of anomers, ~4:3); °C- 
n.m.r. (SO MHz): 6 58.98, 59.24 (2 OCH,), 72.14, 72.43, 72.61, 72.78, 77.48, 77.59, 
77.77, 80.30, 80.63, 80.74 (C-2-5 and 2 CH,Ph), 96.09, 100.11 (2 C-1), 127.62, 
127.77, 128.23, 128.29, 137.36, 137.45, 137.65, and 137.74 (C,H). 

Anal. Calc. for C,)H,,0;: C, 69.75; H, 7.02. Found: C, 69.44; H, 7.06. 

5-O-Benzyl-2,3-di-O-methyl-a- (8a) and -B-D-ribofuranosyl fluoride (8B). — 
To a solution of 4 (1.7 g, 6.3 mmol) in dichloromethane (80 mL), under an N, 
atmosphere in a three-necked, round-bottomed flask, was added the Ishikawa 
reagent (1.8 mL, 1.6 mol. equiv.) through a syringe and the mixture was stirred at 
room temperature for 45 min. The reaction was quenched with aqueous, saturated 
NaHCO, solution (20 mL) and the organic layer separated. The aqueous layer was 
extracted with dichloromethane (3 x 30 mL) which was combined with the organic 
layer and dried (MgSO,). After filtration, the solution was evaporated to a syrup 
which was subjected to chromatography in 2:1 hexane-—ethyl acetate to give 8B 
(0.86 g, 50% yield) and 8a@ (0.61 g, 35% yield). 

Compound 8a. Syrup, [a]é°®° +40.1° (c 2.73, chloroform); 'H-n.m.r. (200 
MHz): 6 3.43 (s, 3 H, OCH;), 3.51 (s, 3 H, OCH,), 3.57 (d, 2 H, H-5), 3.77-3.88 
(m, 2 H, H-2,3), 4.45-4.60 (m, 3 H, H-4 and CH,Ph), 5.79 (dd, 1 H, J; - 66.2, J, » 
2.9 Hz, H-1), and 7.31-7.36 (m, 5 H, C,H); °C-n.m.r. (50 MHz): 58.57, 58.63 (2 
OCH,), 70.07, 73.48, 77.33, 84.45 (C-3-5 and CH,Ph), 81.25 (d, Jc. , 22.0 Hz, 
C-2), 108.1 (d, Jc, , 233 Hz, C-1), 127.72, 127.71, 128.35, and 137.60 (C,H;); '°F- 
n.m.r.: 652.45 (dd, J; - 53.1, J, , 18.9 Hz). 

Anal. Calc. for C,,H,)>FO,: C, 62.21; H, 7.08. Found: C, 61.90; H, 7.03. 

Compound 8B. Syrup, [a]f’ +54.8° (c 2.78, chloroform); 'H-n.m.r. (200 
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MHz): 63.41 (s, 3 H, OCH,), 3.51 (s, 3 H, OCH), 3.61 (dd, 1 H, J, 55.4, J; 5, 11.0 
Hz, H-5), 3.72 (dd, 1 H, J, 5, 3.4 Hz, H-5’), 3.88-4.00 (m, 2 H, H-2,3), 4.20-4.25 
(m, 1 H, H-4), 4.57, 4.64 (2 H, AB type, J 12.2 Hz, CH,Ph), 5.73 (d, 1 H, J; - 62.6 
Hz, H-1), and 7.26-7.35 (m, 5 H, C,H,); C-n.m.r. (50 MHz): 6 58.46, 58.69, (2 
OCH,), 70.39, 73.33, 79.16, 82.20 (C-3-5 and CH,Ph), 81.15 (d, Jc, , 29.3 Hz, 
C-2), 111.79 (d, Jc, - 224 Hz, C-1), 127.50, 128.23, and 137.97 (C,H;); '°F-n.m.r.: 
§ 37 (d-quintet, /, , 51.3 Hz, overlapped dt with spacing of 3.3 Hz). 

Anal. Calc. for C,4H,).FO,: C, 62.21; H, 7.08. Found: C, 62.38; H, 7.18. 

2,3,5-Tri-O-methyl-a- (6a) and -B-D-ribofuranosyl fluoride (6B). — 2,3 ,5-Tri- 
O-methyl-D-ribofuranose (2; 2.31 g, 12 mmol) was treated with the Ishikawa rea- 
gent (2.3 mL, 1.1 mmol) as described for 8a, to give 6B (0.78 g, 33.5% yield) and 
6a@ (0.24 g, 10.5% yield). 

Compound 6a. Syrup, [a]i° +49.0° (c 1.35, chloroform); 'H-n.m.r. (200 
MHz): 6 3.38 (s, 3 H, OCH), 3.46 (s, 3 H, OCH,), 3.50 (d, 2 H, J, 53.7 Hz, H-5), 
3.53 (s, 3 H, OCH;), 3.7-3.9 (m, 2 H, H-2,3), 4.48 (bs, 1 H, H-4), and 5.79 (dd, 1 
H, J, - 66.2, J; »3.0 Hz, H-1); °C-n.m.r. (SO MHz): 658.57, 58.63, 59.36 (3 OCH;), 
72.69, 77.18, 84.39 (C-3-5S), 81.24 (C-2, Je», 20.5 Hz), and 108.12 (C-1, Jc, - 233 
Hz); '°F-n.m.r.: 6 52.2 (dd, J, - 61.6, J, - 22.3 Hz). 

Anal. Calc. for CgH,;FO,: C, 49.48; H, 7.78. Found: C, 49.27; H, 7.61. 

Compound 6B. Syrup, [a]f° +81.0° (c 1.68, chloroform); 'H-n.m.r. (200 
MHz): 63.42 (s, 3 H, OCH,), 3.45 (s, 3 H, OCH,), 3.52 (dd, 1 H, J, 55.6, J; 5, 10.8 
Hz, H-5), 3.53 (s, 3 H, OCH,), 3.63 (dd, 1 H, J, 5, 3.4 Hz, H-5’), 3.90-3.96 (m, 2 
H, H-2,3), 4.15-4.30 (m, 1 H, H-4), and 5.71 (d, 1 H, J, - 63.0 Hz, H-1); °C-n.m.r. 
(S50 MHz): 6 58.46, 58.72; 59.33 (3 OCH,), 73.22, 79.23, 82.00 (C-3-5), 81.11 (d, 
Jey p 30.8 Hz, C-2), and 111.80 (d, Jc; - 224.2 Hz, C-1); "F-n.m.r.: 637 (d-quintet, 
J, - 58.1 Hz, overlapped dt with a spacing of 3.6 Hz). 

Anal. Calc. for C,H,;FO,: C, 49.48; H, 7.78. Found: C, 49.76; H, 7.59. 

2,3-Di-O-benzyl-5-O-methyl-a- (7a) and -B-D-ribofuranosyl fluoride (7B). — 
Treatment of 3 (2.10 g, 6.1 mmol) with the Ishikawa reagent (1.58 mL, 1.5 mol. 
equiv.) as described for 8a@,B gave 7B (1.374 g, 65.1% yield) and 7a@ (0.463 g, 
21.9% yield); the reaction time was 50 min in this case, and the chromatography 
was performed with 40:1 benzene-ethy! acetate. 

Compound 7a. Syrup, [a]f’ +39.5° (c 1.33, chloroform); 'H-n.m.r. (200 
MHz): 6 3.27 (s, 3 H, OCH), 3.28 (dd, 1 H, J, 5 3.9, J; 5, 10.7 Hz, H-5), 3.36 (dd, 
1 H, J, 5, 3.9 Hz, H-5’), 3.74-3.94 (bd, 1 H, H-2), 3.91 (bs, 1 H, H-3), 4.46 (bs, 1 
H, H-4), 4.61, 4.74 (2 H, AB type, J 12.2 Hz, CH,Ph), 4.61, 4.70 (2 H, AB type, 
J 12.2 Hz, CH,Ph), 5.68 (dd, 1 H, J; - 65.4, J; 53.3 Hz, H-1), and 7.30—7.35 (bs, 10 
H, 2 C,H.); °C-n.m.r. (50 MHz): 659.27 (OCH,), 72.17, 72.49, 72.69, 74.19, 84.80 
(C-3—5 and 2 CH,Ph), 78.67 (d, J-., - 20.5 Hz, C-2), 108.41 (d, J-., , 233 Hz, C-1), 
127.65, 127.77, 127.85, 128.00, 128.23, 128.32, 137.28, and 137.83 (2 C,H.); '’F- 
n.m.r.: 652.0 (dd, J; - 55.4, J, , 18.9 Hz). 

Anal. Calc. for C,)H,,FO,: C, 69.35; H, 6.69. Found: C, 69.45; H, 6.81. 

Compound 7B. M.p. 43.9-44.0° (pentane), [a]é° +67.9° (c 2.01, 
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chloroform); 'H-n.m.r. (200 MHz): 6 3.36 (s, 3 H, OCH;), 3.46 (dd, 1 H, J, ; 5.4, 
Js 5 11.0 Hz, H-5), 3.59 (dd, 1 H, J, 5, 3.2 Hz, H-5’), 3.97 (t, 1 H, J, 4.4, Jn, 4.2 
Hz, H-2), 4.07 (ddd, 1 H, J;,4 8.3, J; 2.7 Hz, H-3), 4.40 (ddt, 1 H, J,, 4.3 Hz, 
H-4), 4.46, 4.57 (2 H, AB type, J 12 Hz, CH,Ph), 4.64 (s, 2H, CH,Ph), 5.65 (d, 1 
H, J, , 63.2 Hz, H-1), and 7.21-7.37 (m, 10 H, 2 C,H); °C-n.m.r. (SO MHz): 6 
59.24 (OCH,), 72.69, 72.81, 76.92, 82.00, 82.06 (C-3—5 and 2 CH,Ph), 78.75 (d, 
Jez, 30.8 Hz, C-2), 112.35 (d, Jo, - 224 Hz, C-1), 127.77, 127.82, 128.12, 128.23, 
128.32, 128.38, 137.19, and 137.30 (2 C,H;); '°F-n.m.r.: 6 35.7 (d-quintet, J, , 51.3 
Hz, overlapped dt with a spacing of 3.4 Hz). 

Anal. Calc. for C,>H,,FO,: C, 69.35; H, 6.69. Found: C, 69.52; H, 6.78. 

1-[2,3,5-Tri-O-methyl-a- (20a) and -B-D-ribofuranosyl]|-2-propanone (208). 
— To 6B (100 mg, 0.52 mmol) and molecular sieves 4A (1 g) in a 30-mL, two- 
necked, round-bottomed flask under an N, atmosphere were added in turn, through 
a syringe, diethyl ether (2 mL) and isopropenyl trimethylsilyl ether (9, 0.163 mL, 
1.03 mmol) and, through a microsyringe, BF,-OEt, (3.2 wL, 25.8 wmol). After 
stirring for 5 min at room temperature, the reaction was quenched with aqueous 
saturated NaHCO, solution (2 mL). The solids were filtered off and well washed 
with acetone. The combined filtrate and washings were evaporated to dryness, and 
the residue was crushed and extracted with acetone. The extract was evaporated to 
a syrup which was chromatographed in 2:1 hexane-ethyl acetate to give 20 (110 
mg, 90% yield; a:B, 1.8:1). Further chromatography gave 20a (first fraction) and 
208 (5-10 mg). 

Compound 20a. Syrup, [a]f°* +13.5° (c 0.93, chloroform); vN?C! 1715 (C=O) 
cm~!; 'H-n.m.r. (200 MHz): 6 2.18 (s, 3 H, H-3’), 2.79 (dd, 1 H, J; ;, 6.3, Jy y» 17 
Hz, H-1'), 2.90 (dd, 1 H, J; , 6.8 Hz, H-1"), 3.39 (s, 3 H, OCH;), 3.43 (dd, 1 H, 
J,5 4.6, Js 5, 10.5 Hz, H-5), 3.46 (s, 6 H, 2 OCH;), 3.54 (dd, 1 H, J, 5, 3.4 Hz, H-5’), 
3.78 (dd, 1 H, J, ; 4.6, J; 46.6 Hz, H-3), 3.93 (t, 1 H, J, , 4.6 Hz, H-2), 4.02 (ddd, 
1 H, H-4), and 4.50 (dt, 1 H, H-1); °C-n.m.r. (SO MHz): 6 30.66 (C-3’), 43.64 
(C-1'), 58.54, 59.33, 59.68 (3 OCH), 73.01, 75.81, 78.91, 79.43, 82.00 (C-1-5), 
and 207.17 (C-2’). 

Anal. Calc. for C,,Hj,0;: C, 56.88; H, 8.68. Found: C, 57.15; H, 8.55. 

Compound 208. Syrup, [a]f* —12.9° (c 0.85, chloroform), vN@" 1715 (C=O) 
cm~!; 'H-n.m.r. (200 MHz): 62.17 (s, 3 H, H-3’), 2.67 (d, 2 H, J; ;, 6.3 Hz, H-1’), 
3.36 (s, 3 H, OCH;), 3.40 (s, 3 H, OCH;), 3.43 (s, 3 H, OCH), 3.38-3.53 (m, 3 
H, H-2,5,5’), 3.73 (t, 1 H, J,3 4.9, J34.4.7 Hz, H-3), 4.08 (q, 1 H, J,.; 4.6 Hz, H-4), 
and 4.31 (q, 1 H, J, 6.1 Hz, H-1); °C-n.m.r. (50 MHz): 6 30.54 (C-3’), 47.66 
(C-1'), 57.76, 58.00, 59.36 (3 OCH), 72.96, 76.54, 79.31, 80.80, 82.87 (C-1-5), 
and 206.38 (C-2’). 

Anal. Calc. for C,,;H 905: C, 56.88; H, 8.68. Found: C, 56.45; H, 8.50. 

The conditions used for other C-ribofuranosylation reactions are shown in 
Table I. In the cases of reactions involving 5, 7, and 8, the work-up after the reac- 
tion was different; the combined filtrate and washings were separated in a sep- 
aratory funnel instead of being evaporated, and the extraction was performed with 
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dichloromethane. The aqueous layer was further extracted 5 times with dichloro- 


methane. 

]-(2,3-Di-O-benzyl-5-O-methyl-a-D-ribofuranosyl)-2-propanone (22a). — 
Syrup, [a]Z? +35.7° (c 0.98, chloroform); vNa®! 1715 (C=O) cm™~'; 'H-n.m.r. (200 
MHz): 6 2.05 (s, 3 H, H-3’), 2.80 (dd, 1 H, J, ;, 6.1, J; 17.1 Hz, H-1'), 2.93 (dd, 
1 H, J, , 7.6 Hz, H-1”"), 3.32 (s, 3 H, OCH;), 3.37 (dd, 1 H, J, 5 4.6, J; 5, 10.5 Hz, 
H-5), 3.47 (dd, 1 H, J, 5, 3.2 Hz, H-5’), 3.964.14 (m, 3 H, H-2,3,4), 4.44, 4.78 (2 
H, AB type, J 11.3 Hz, CH,Ph), 4.55, 4.68 (2 H, AB type, J 11.8 Hz, CH,Ph), 
4.35-4.55 (m, 1 H, H-1), and 7.25—7.34 (bd, 10 H, 2 C,H,); °C-n.m.r.: 6 30.63 
(C-3’), 43.90 (C-1"), 59.24 (OCH), 72.69, 73.54, 76.02, 77.65, 79.05, 79.69 (C-1-5 
and 2 CH,Ph), 127.56, 127.71, 127.94, 128.20, 128.32, 137.77, 138.15 (2 C,H), and 
207.23 (C-2’). 

Anal. Calc. for C,,H,,0;: C, 71.85; H, 7.34. Found: C, 71.65; H, 7.55. 

1-(S5-O-Benzyl-2,3-di-O-methyl-a-D-ribofuranosyl)-2-propanone (24a). — 
Syrup, [a]Z? +5.3° (c 1.51, chloroform); vN" 1705 (C=O) cm~'; 'H-n.m.r. (200 
MHz): 6 2.17 (s, 3 H, H-3’), 2.76 (dd, 1 H, J, ;, 6.8, J)» 17.6 Hz, H-1’), 2.89 (dd, 
1 H, J, » 6.8 Hz, H-1"), 3.41 (s, 3 H, OCH;,), 3.44 (s, 3 H, OCH;), 3.52 (dd, 1 H, 
J,5 4.0, Js 5, 11.0 Hz, H-5), 3.60 (dd, 1H, J, 5, 3.7 Hz, H-5’), 3.82 (dd, 1 H, J, , 4.6, 
J, , 5.8 Hz, H-3), 3.92 (t, 1 H, J; , 4.6 Hz, H-2), 4.05 (dt, 1 H, H-4), 4.49 (dt, 1 H, 
H-1), 4.51, 4.61 (2 H, AB type, J 12.5 Hz, CH,Ph), and 7.24—7.44 (bs, 5 H, C,H); 
3C-n.m.r. (S50 MHz): 6 30.63 (C-3’), 43.70 (C-1’), 58.49, 59.60 (2 OCH;), 70.36, 
73.37, 75.81, 79.23, 79.55, 82.06 (C-1-5 and CH,Ph), 127.45, 128.20, 138.06 
(C,H), and 207.02 (C-2’). 

Anal. Calc. for C,,H,,0;: C, 66.21; H, 7.84. Found: C, 66.45; H, 7.76. 

1-(5-O-Benzyl-2,3-di-O-methyl-B-D-ribofuranosyl)-2-propanone (24B). — 
Syrup, [a]Z? —3.2° (c 0.95, chloroform), vN?C! 1705 (C=O) cm~!; 'H-n.m.r. (200 
MHz): 6 2.17 (s, 3 H, H-3’), 2.68 (d, 2 H, J; ,, 6.4 Hz, H-1’), 3.41 (s, 3 H, OCH), 
3.46 (s, 3 H, OCH,), 3.54 (d, 2 H, J,; 4.0 Hz, H-5), 3.47-3.56 (1 H, overlapped 
with H-5,H-2), 3.78 (t, 1 H, J, , 4.0, J; , 4.0 Hz, H-3), 4.11 (q, 1 H, H-4), 4.32 (q, 
1 H, J,, 6.4 Hz, H-1), 4.56 (bs, 2H, CH,Ph), and 7.32 (s, 5H, CsH;); 8C-n.m.r. 
(50 MHz): 6 30.48 (C-3’), 47.72 (C-1’), 57.70, 57.93 (2 OCH), 70.33, 73.36, 76.46, 
79.37, 80.95, 82.96 (C-1-5 and CH,Ph), 127.39, 127.50, 128.23, 138.00 (C,H;), and 
206.29 (C-2’). 

Anal. Calc. for C,,H,,0;: C, 66.21; H, 7.84. Found: C, 66.16; H, 7.63. 

3-(2,3,5-Tri-O-methyl-a-D-ribofuranosyl)-1-propene (17). — Syrup, [a]j? 
+49.2° (c 1.22, chloroform); 'H-n.m.r. (200 MHz): 6 2.44 (t, 2 H, J, , 7.1, Jy», 6.9 
Hz, H-1’), 3.39 (s, 3 H, OCH;), 3.45 (s, 3 H, OCH), 3.47 (dd, 1 H, J, 5 4.3, Js 5 
10.6 Hz, H-5), 3.53 (s, 3 H, OCH;), 3.56 (dd, 1 H, J, 5, 3.1 Hz, H-5’), 3.78 (dd, 1 
H, J, , 4.0, J, 34.5 Hz, H-2), 3.81 (dd, 1 H, J; 46.5 Hz, H-3), 4.05 (2 H, overlapped 
dt and ddd, H-1 and -4, respectively), 5.06 (dd, 1 H, J,, 3, 10.2, J; 4 1.9 Hz, H-3’), 
5.13 (dd, 1 H, J,» 17.1 Hz, H-3"), and 5.82 (ddt, 1 H, H-2’); °C-n.m.r. (SO MHz): 
5 33.87 (C-1'), 58.40, 59.24, 59.71 (3 OCH,), 72.90, 78.91, 79.55, 79.75, 82.03 
(C-1-5), 116.62 (C-3’), and 134.68 (C-2’). 
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Anal. Calc. for C,,H,0,: C, 61.09; H, 9.32. Found: C, 59.63; H, 9.06. 

3-(2,3-Di-O-benzyl-5-O-methyl-a-D-ribofuranosyl)-1-propene (18). — Syrup, 
[a]i' +48.5° (c 1.18, chloroform); 'H-n.m.r. (360 MHz): 6 2.51 (t, 2 H, J, ,, 7.0, 
Jy 6.9 Hz, H-1’), 3.33 (s, 3 H, OCH;), 3.39 (dd, 1 H, J, 5 4.2, J; 5, 10.7 Hz, H-5), 
3.54 (dd, 1 H, J, 5, 2.9 Hz, H-5’), 3.97 (t, 1 H, J; . 3.7, Jp 3 4.3 Hz, H-3), 4.05 (2 H, 
completely overlapped dt and dd, H-1 and -3, respectively), 4.17 (ddd, 1 H, J; ,7.3 
Hz, H-4), 4.53, 4.67 (2H , AB type, J 12 Hz, CH,Ph), 4.59, 4.82 (2 H, AB type, 
J 11.5 Hz, CH,Ph), 5.03 (bd, 1 H, J,, 5, 10.2 Hz, H-3’), 5.09 (bd, 1 H, Jy, » 17.2 Hz, 
H-3”), 5.78 (ddt, 1 H, H-2’), and 7.22-7.35 (bs, 10 H, 2 C,H,); °C-n.m.r. (50 
MHz): 6 34.16 (C-1’) 22 (OCH;), 72.49, 72.58, 73.25, 77.51, 79.05, 79.81, 79.99 
(C-1-5 and CH,Ph), 116.68 (C-3’), 127.42, 127.53, 127.59, 128.15, 128.26, 137.86, 
138.33 (2 C,H.), and 134.80 (C-2’). 

Anal. Calc. for C,,H,,.0,: C, 74.97; H, 7.66. Found: C, 75.21; H, 7.55. 

3-(5-O-Benzyl-2,3-di-O-methyl-a-D-ribofuranosyl)-1-propene (19). — Syrup, 
[a]f* +34.2° (c 1.52, chloroform); 'H-n.m.r. (200 MHz): 6 2.44 (t, 2 H, J, , 7.1, 
J,» 7.1 Hz, H-1’), 3.40 (s, 3 H, OCH;), 3.52 (s, 3 H, OCH;), 3.54 (dd, 1 H, J, 
4.2, J; 5 10.5 Hz, H-5), 3.64 (dd, 1 H, J, 5, 3.4 Hz, H-5’), 3.77 (t, 1 H, J; . 4.3, Jo, 
4.4 Hz, H-2), 3.86 (dd, 1 H, J; , 6.6 Hz, H-3), 4.06 (dt, 1 H, H-1), 4.08 (dt, 1 H, 
H-4), 4.53, 4.63 (2 H, AB type, J 12.2 Hz, CH,Ph), 5.06 (bd, 1 H, J,,, 10.4 Hz, 
H-3’), 5.13 (bd, 1 H, J,» 17.0 Hz, H-3"), 5.83 (ddt, 1 H, H-2'), and 7.26—7.33 (bs, 
5 H, C,H.); %C-n.m.r. (50 MHz): 6 35.92 (C-1’), 60.40, 61.68 (2 OCH,), 72.33, 
75.609, 81.23, 82.78, 81.84, 84.143 (C-1-5 and CH,Ph), 118.60 (C-3’), 129.39, 
130.14, 140.15 (C,;H;), and 136.80 (C-2’). 

Anal. Calc. for C,,H,,0,: C, 69.84; H, 8.27. Found: C, 70.00; H, 8.25. 

2-(2,3,5-Tri-O-benzyl-D-ribofuranosyl)-3-pentanone (13),  2-(2,3,5-tri-O- 
methyl-D-ribofuranosyl)-3-pentanone (21), and 2-(2,3-di-O-benzyl-5-O-methyl-p- 
ribofuranosyl)-3-pentanone (23). — Repeated chromatography on a column of 
silica gel afforded only a trace amount (5—10 mg) of each pure compound. It was 
not possible to establish the configuration of these compounds. 

Compound 13. Syrup, vN?" 1720 (C=O) cm~!; 'H-n.m.r. (360 MHz): 6 0.76 
(t, 3 H, Jy 4 7.2, Jy 4 7.2 Hz, H-4’), 1.09 (d, 3 H, Jy» 7.1 Hz, H-1"), 2.14 (dq, 1 
H, J3 3 18.4 Hz, H-3’), 2.35 (dq, 1 H, H-3”), 2.99 (dq, 1 H, J; ;, 9.2 Hz, H-1'), 3.44 
(dd, 1 H, J, 5 4.2, J; 5, 10.7 Hz, H-5), 3.53 (dd, 1 H, J, 5, 3.3 Hz, H-5’), 3.93 (dd, 1 
H, J, , 5.0, J; 45.0 Hz, H-3), 4.03 (dd, 1 H, J; , 4.8 Hz, H-2), 4.05 (ddd, 1 H, H-4), 
4.19 (dd, 1 H, H-1), 4.22, 4.41-4.67 (1 H and 5 H, 3 AB type, 3 CH,Ph), and 
7.18-7.26 (m, 15 H, 3 C,<H.). 

Anal. Calc. for C,,H,,0;: C, 76.20; H, 7.43. Found: C, 75.91; H, 7.47. 

Compound 21. Syrup, vN?" 1735 (C=O) cm7~!; 'H-n.m.r. (360 MHz): 6 1.01 
(t, 3 H, J} 4 7.3 Hz, H-4’), 1.18 (d, 3 H, J,» 7.1 Hz, H-1"), 2.55 (q, 2 H, H-3’), 
2.98 (dq, 1 H, J; ; 9.6 Hz, H-1’), 3.32, 3.37, 3.43 (s, 3 x 3 H, 3 OCH;), 3.44 (dd, 
1 H, J, 5 4.3, J;5, 10.7 Hz, H-5), 3.54 (dd, 1 H, J, 5, 3.0 Hz, H-5’), 3.69 (dd, 1 H, 
J, 34.8, J; 7.2 Hz, H-3), 3.80 (t, 1 H, J, , 4.8 Hz, H-2), 3.90 (ddd, 1 H, H-4), and 
4.18 (dd, 1 H, H-1). 
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Anal. Calc. for C,,H,,0;: C, 59.98; H, 9.29. Found: C, 60.03; H, 9.07. 
Compound 23. Syrup, vN?" 1725 (C=O) cm~!; 'H-n.m.r. (360 MHz): 6 0.83 


max 


(t, 3 H, Jy 4 7.2, Jy 4 7.2 Hz, H-4’), 1.10 (d, 3 H, J; ». 9.8 Hz, H-1"), 2.21 (dd, 1 
H, Jy » 18.3 Hz, H-3’), 2.41 (dd, 1 H, H-3"), 3.05 (dq, 1 H, J; ; 9.8 Hz, H-1'), 3.34 
(s, 3 H, OCH,), 3.40 (dd, 1 H, J, 5 4.5, J; 5, 10.6 Hz, H-5), 3.53 (dd, 1 H, J, 5, 3.1 
Hz, H-5’), 3.96 (dd, 1 H, J, 3 4.6, J; 4 4.7 Hz, H-3), 4.09 (ddd, 1 H, H-4), 4.10 (t, 
1 H, J, > 4.6 Hz, H-2), 4.25 (dd, 1 H, H-1), 4.28, 4.75 (2 H, AB type, J 11.6 Hz, 
CH,Ph), 4.58, 4.70 (2 H, AB type, J 12 Hz, CH,Ph), and 7.26-7.35 (m, 10 H, 2 
C,Hs). 

Anal. Calc. for C,;H3;,0;: C, 72.79; H, 7.82. Found: C, 72.25; H, 7.57 (sus- 
ceptible to decomposition). 
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ABSTRACT 


In an approach for the preparation of macrocyclic C-glycosyl compounds, the 
C-glycosyl residue is synthesized by acid-assisted reduction of a cyclic hemiacetal 
with sodium cyanoborohydride. Macrocycle formation is effected by the reaction 
of a symmetrical bis(C-glycosyl)derived diamine with a dicarboxylic acid 
dichloride. The product macrocycles are presented as the first examples of a new 
type of chiral, water-soluble cyclophane. Molecules of this type are of interest as 
synthetic receptors for lipophilic substrates. 


INTRODUCTION 


The design and preparation of model receptor—substrate systems, com- 
plementary pairs of water-soluble organic molecules, which will form stable 
bimolecular complexes, is an interesting contemporary challenge for synthetic 
organic chemists. The importance of intermolecular interactions between organic 
molecules and the need to understand the forces which govern such binding inter- 
actions are widely recognized. Current treatises on molecular biology and bio- 
chemistry are replete with examples of bimolecular complex-formation involving 
organic molecules. Ongoing efforts in many laboratories are directed toward 
molecular-level descriptions of how changes in drug structure lead to changes in 
drug-—receptor interactions and response. Model receptor—substrate systems will 
allow detailed analyses of the solvent effects and intermolecular forces which 
control molecular interactions in aqueous solutions. 

Our goal is to develop new synthetic approaches for preparing chiral, water- 
soluble molecules which have hydrophobic cavities. Such synthetic receptors (mol. 
wt., 650-1500) will support a rational approach to understanding the details of 


organic-molecular interactions in aqueous solution. These molecules are designed 
to form molecular complexes with benzenoid or other lipophilic substrates. The 
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complexes (inclusion compounds) will be stabilized by van der Waals and solvent 
liberation (hydrophobic) forces, and therefore different from and complementary 
to the much more extensively studied crown-ether type “receptor”!~‘. In this paper, 
we demonstrate that C-glycosyl residues may be used as structural units for the 
preparation of water-soluble macrocycles. The potential advantages of this 
approach to synthetic receptors will be described, and the preparation of two 
macrocyclic C-glycosyl derivatives will be detailed. 

Designs for water-soluble macrocylic receptors. — Important observations 
relevant to the design of water-soluble, hydrophobic binding sites for small organic 
molecules have been recorded over the past 10 years>-'*. Our approach to synthetic 
water-soluble receptors is founded upon these creative early investigations. 

This project was begun to test the possibility that C-glycosyl compounds may 
be useful for the preparation of synthetic receptors. The essential feature of the 
early approaches to synthetic receptors (Fig. 1a) was the combination of the cyclo- 
phane (which defined the lipophilic cavity) with ionic groups (which rendered the 
cavity water-soluble). The idea presented here (Fig. 1b) is that aldose-derived 
structural units may be incorporated into a lipophilic macrocyclic ring. It is 
hypothesized that the resulting macrocyclic products will function as synthetic 
receptors analogous to Koga’s molecules if (a) the macrocycle is water soluble (mM 
solutions would be adequate) and (b) the macrocycle encloses a lipophilic pocket. 

This idea is a logical extension of the earlier work and has some interesting 
features. First, the approach allows the preparation of chiral receptors of known 
absolute configuration. No chiral and enantiomerically pure macrocyclic, water- 
soluble cyclophane has been reported to bind lipophilic substrates in aqueous 


\@0Y 


> OC 


AY GY 


a b Cc 


Fig. 1. Lipophilic macrocyclic binding sites may be rendered water soluble by the use of ionic functional 
groups (a), or by including aldose-derived polyhydroxylated substructures within the ring (b), or exterior 
to the ring (c). 
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solution. Because the chiral units are contained within the ring (rather than exterior 
to the ring, as shown in Fig. lc) the receptors will provide substantially chiral 
interior environments. Such chiral cavities may allow the creation of enantio- 
selective synthetic receptors which would be effective in aqueous media. Second, 
the strategy will allow the prepration of neutral, water-soluble cyclophanes. Neutral 
synthetic receptors will allow the effects of ionic charge on intermolecular forces to 
be systematically assessed. Finally, the hydroxyl groups carried by the aldose units 
will provide additional attractive interactions with some substrates, will be reactive 
toward other substrates, and can be used to attach additional functional groups. 
These functionalized synthetic receptors should be promising armatures for the 
construction of biomimetic systems. 

The synthetic approach. — The target molecules in this project (Fig. 1b) 
represent a “second generation” approach to water-soluble binding sites for 
lipophilic substrates. Syntheses of these molecules should be short and efficient. 
We sought a protocol which would be modular and incorporate structural units that 
could be easily varied. If successful, such a strategy would allow the preparation of 
a number of related synthetic receptors. 

The general strategy (Scheme 1) takes appropriate advantage of the fact that 
the targets have at least one C, axis of symmetry. It was envisioned that a sym- 
metrically lithiated aryl compound (a) be stereospecifically ribosylated to afford a 
chiral bis(C-glycosyl) derivative (b) of C, symmetry. Model studies indicated that 
C-p-ribofuranosyl glycosides of a configuration would be suitable for preparing 
macrocycles which would include a lipophilic cavity. The intermediate b may be 
converted into the desired macrocyclic target ¢ by any of a number of methods. For 
example, as shown below, macrocyclization may be effected by the reaction of a 
chiral diamine, derived from this bis(C-glycosyl) compound, with a dicarboxylic 
acid dichloride. The construction of the macrocycle is substantially simplified 
because the synthesis proceeds symmetrically outward from the axis of symmetry. 
The choice of the dilithio unit (a) and the means of cyclization (the two variable 
units in Scheme 1) will affect the properties of the ultimate macrocycle. A C- 
glycosyl linkage was chosen for attaching the lipophilic unit to the aldose residue 
because the carbon-carbon bond in the C-glycosyl compound will be more robust 


SN 


x4 variable Ly 


Cc 


Scheme 1. A generalized approach for preparing macrocyclic C-glycosy| compounds. 
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(less reactive) than the carbon—oxygen bond in glycosides, and the direct 
connection of an aryl group to C-1 of the aldosyl residue provides a more rigid 
structure than would result from a glycosidic linkage. The D-ribofuranose unit was 
chosen because it is readily available in a protected form from D-ribonic acid and 
because the 2,3-O-isopropylidene protecting group offered the possibility of 
controlling the stereochemical outcome of the C-glycosylation process. 


RESULTS AND DISCUSSION 


The approach outlined in Scheme 1 required a stereoselective method for 
forming a-D-ribofuranosylarenes. Previous work in this area indicated that nucleo- 
philic additions of alkylmetals to activated D-ribofuranose derivatives affords 
mixtures of anomeric products!’. Based on experience in a related system, we 
hypothesized that hydride donation to a cationic intermediate would lead more 
cleanly to the desired C-a-D-glycosyl compounds. 

To test this possibility, the D-ribonolactone derivative 1 was alkylated to 
afford hemiacetals 2-8. The product hemiacetals were obtained in excellent yield 
(Table I) as mixtures of anomeric isomers. In contrast to the other adducts, the 
4-(dimethylamino)phenyl derivative 8 exists (in CDCI, or CCl, solution) only in the 
keto-hydroxy form (8b) and no hemiacetal was observable by 'H- or °C-n.m.r. 
spectroscopy. Under similar conditions, the other products 2-7 were preponder- 
antly in the hemiacetal form (2a—7a). The stability of the open form of 2g probably 


TABLE I 
FORMATION AND REDUCTION OF THE CYCLIC HEMIACETALS 2-8 


Starting Hemiacetal formed Reduction 
compound 
Residue at C-1 Yield Conditions® C-Glycosyl compounds formed 
(% )* 
Compound Yield Compound Yield 
(‘%) (%) 


Me 97 / 10 0 0 
0 

Ph 94 11 0 
0 

4-(Me)C,H, 100 12 , 19 
4-(MeO)C,H, 100 0 
4-Bipheny] 96 14 17 
2-Furyl 96 15 2 0 
d 24 

4-(Me,N)C,H, 31 16 0 


All yields reported for isolated products. "Conditions: (A) p-toluenesulfonic acid—methanol, room 
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contributes to the low yield observed for its formation. The major by-product was 
the diol formed by reaction of a second alkyllithium reagent. 

Reduction of carbohydrate-derived acetals has been studied for many years 
and has been achieved most recently by the use of triethylsilane with Lewis acid 
catalysts!®!’, In this case, the goal was a direct reduction of the hemiacetal and we 
chose to evaluate sodium cyanoborohydride for this purpose because it is readily 
available and inexpensive. 

The direct reduction of hemiacetals to afford C-glycosyl compounds (10-16 
and 17-23) proceeded in good to excellent yield (Table I), provided that the alkyl 
group at C-1 was adequately electron releasing. A limited study of solvent and 
proton source indicated that nitromethane or 2,2,2-trifluoroethanol are good 
solvents for this reaction and dichloroacetic acid is an adequate proton source. The 
products had preponderantly the a-D configuration and in two cases the a-D anomer 
was the only cyclic product obtained. The product structures could be readily deter- 
mined by established spectroscopic methods including '°C- and 'H-n.m.r. spectros- 
copy!8-21, 

The process just outlined afforded a completely stereoselective method for 
preparing (4-alkoxy)aryl derivatives of (4-alkoxyl)-a-D-ribofuranosylarenes and 
attention was therefore turned toward preparation of the requisite macrocyclic C- 
glycosyl compounds. 

Bromination of diphenoxyethane afforded the 4,4’-dibromo derivatives 25 in 
86% yield**. Alkylation of dilithium compound 26 in oxolane with the lactone 1 
under the conditions applied in the model systems provided the bis(hemiacetals) 
27. Reduction of the bis(hemiacetal) 27 proceeded as expected based upon the 
model studies and provided a quantitative yield of the desired bis(C-glycosyl) com- 
pound 29. The only product detected by 'H- or '°C-n.m.r. spectroscopy was the 
desired a-D anomer. After removal of the protecting group at O-5’ and chromato- 
graphic purification, the diol 30 was obtained (80% overall yield from lactone 1). 
This symmetrical diol (30) was converted into the diamine 32 via the Mitsunobu- 
Gabriel procedure*’. This diamine, with terephthaloyl chloride, under the high 
dilution conditions described by Dietrich et al.*4 provided the C-glycosyl macrocycle 
34 (m/e calc. 686.2839; found 686.2823) in 15% yield after purification. Deprotec- 
tion of this macrocycle afforded the desired tetrahydroxy macrocyclic diamide 35 in 
good yield. In a similar manner, diamine 32 and the dicarboxylic acid dichloride 
derived from 2,3-O-methylene-D-tartaric acid? afforded the macrocyclic diamide 
33 in 10% overall yield. 


CONCLUSION 


Inevitably, water-soluble synthetic receptors more complex than the simple 
cyclophanes currently known must be synthesized. The results described herein 
establish a general approach for preparing C-glycosyl macrocycles of a type 
previously unknown. By this approach, for the first time, a cyclophane-like 
molecule has been rendered water soluble without the use of ionic groups. 
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For convenient n.m.r. studies of binding properties, it is necessary that 
monomeric synthetic receptor solutions of at least mM concentration be attainable. 
We found that aqueous solutions of the tartaric acid diamide macrocycle (33) were 
readily prepared. N.m.r. spectra of these solutions in D,O showed no changes over 
the concentration range from 0.5 to 50mM. In contrast, the terephthalamide 
macrocycle (35) has very low solubility. Sonication of warm solutions of 35 in 
deuterium oxide, followed by centrifugation, provided a supernatant centrifugate 
which gave no usable n.m.r. signal. The limiting solubility of 35 is therefore 
probably below 0.5mM. 

We conclude that this approach to water-soluble macrocyles, prototypes for 
a new generation of synthetic receptors for small organic molecules, is promising 
and worthy of further exploration. A more rigid dilithium unit will afford a less 
flexible diamine intermediate and should lead to improved yields in the macro- 
cyclization step. Further control of conformation and additional enhancement of 
solubility will be obtainable by prudent selection of the dicarboxylic acid dichloride 
component of the cyclization reaction. 


EXPERIMENTAL 


General methods. — Melting points were determined with a Thomas—Hoover 
capillary melting-point apparatus and are uncorrected. Boiling points are 


uncorrected. Optical rotations were measured in 1-dm cells of 1-mL capacity with 
a Perkin-Elmer Model 141 polarimeter. Chloroform was used as the solvent for all 
optical rotations and was filtered through neutral alumina immediately prior to use. 
'H-N.m.r. spectra were recorded with Varian EM-390, Nicolet NT-200, and Nicolet 
NMC-1280 spectrometers. Chemical shifts (6) are reported relative to the signal of 
tetramethylsilane (6 0.0) as an internal standard. '*C-N.m.r. spectra were recorded 
with Varian FT80 and Nicolet NMC-1280 spectrometers. Chemical shifts (6) are 
reported relative to the signal of tetramethylsilane (6 0.0) as an internal standard, 
or relative to that of CDCI, (6 77.0). I.r. spectra were determined with a Perkin— 
Elmer 298 spectrometer for solutions in carbon tetrachlorideunless oherwise stated. 
Low-resolution mass spectra were obtained with Finnigan GC/MS and Dupont 
(CEC) 21-491 spectrometers, and high-resolution mass spectra with a Dupont 
(CEC) 21-11 spectrometer. T.l.c. was conducted on 2.5 x 10 cm pre-coated t.l.c. 
plates, Silica gel 60 F-254, layer thickness 0.25 mm, manufactured by E. Merck and 
Co., Darmstadt, Germany. Flash column chromatography was carried out on Silica 
gel 60 (E. Merck, particle size 0.040—-0.063 mm, 230-400 mesh ASTM). “Dry” 
solvents were distilled shortly before use from the appropriate drying agent. Ether 
and oxolane were distilled under dry N, from Na metal in the presence of 
benzophenone. Methanol and pentane were distilled from Na metal under dry N,. 
Benzene, dichloromethane, pyridine, and 1,2-dimethoxyethane were distilled from 
CaH,. N,N-Dimethylformamide was distilled from CaH, at 74° and 7.2 KPa (54 
mm Hg). Other reagents were purified as follows. Dimethyl sulfoxide was 
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fractionally distilled from CaH, at 50° and 0.5 KPa (4 mm Hg), and triethylamine 
from Na metal. 1-Chloro-2,2,3,3-tetramethyl-2-silapropane (t-butyldimethylsilyl 
chloride) was sublimed at 80° and 0.1 MPa (750 mm Hg). Ethyl acetate was stored 
over molecular sieves (4A, 4-8 mesh) at least 10 days prior to use. All other 
reagents and solvents were “Reagent Grade” unless described otherwise. “Ether” 
refers to anhydrous diethyl ether which is supplied by Matheson, Coleman, and 
Bell. “Petroleum ether” and “Skelly B” are used interchangeably to refer to 
reagent grade hexanes (b.p. 60—70°), purified by stirring for 24 h over conc. H,SO,, 
stirring subsequently over anhydrous CaCO, for 24 h, and then fractionally 
distilling. Reactions were run under an N, atmosphere with a mercury bubbler 
arranged so that the system could be alternately evacuated and filled with N, and 
kept under a positive pressure of N,. The temperature of reactions run without 
external cooling or heating (“room temperature”) was 25 +5°. Syringes, needles, 
and reaction flasks were dried at least 12 h in an oven (110°) and cooled in a 
dessicator over anhydrous CaSO, prior to use. Removal of solvents “under reduced 
pressure” refers to rotary evaporation at ~40° and 3 KPa (23 mm Hg), followed by 
evacuation under high vacuum (13 Pa, 0.1 mm Hg) to constant weight. 

1-Deoxy-6-O-|(1,1-Dimethylethyl)dimethylsilyl|-3,4-O-(1-methylethylidene)- 
D-psicofuranose (2). — To a stirred solution of 5-O-[{1,1-dimethylethyl)dimethyl- 
silyl ]-2,3-O-(1-methylethylidene)-D-ribono-1,5-lactone (1; 906 mg, 3.00 mmol) in 
oxolane (10 mL) at —78° was added a 1.41M ethereal solution of methyllithium 
(2.13 mL, 3.00 mmol). After 6 h at —78°, methanol (1 mL) was added and the 
mixture allowed to warm to room temperature. The mixture was partitioned 
between ether (80 mL) and water (40 mL). The organic layer was separated, 
washed with water (40 mL), and dried (MgSO,). Removal of solvent under reduced 
pressure and purification of the residue by flash chromatography (40 x 150 mm 
column of SiO,, 20% ethyl acetate—petroleum ether) afforded 2 (922 mg, 97%), 
colorless white syrup, [a],*° —10° (c 1.5, chloroform), R, 0.42 (SiO,, 20% ethyl 
acetate—petroleum ether); vOC' 3550, 3500-3300, 3000, 2960, 2930, 2860, 1380, 
1350, 1100, and 1050 cm~!; 'H-n.m.r. (CCl,}: 60.05 (s, 6 H), 0.90 (s, 9 H), 1.23 (s, 
3 H), 1.33 (s, 3 H), 1.39 (s, 3 H), 3.60 (d, 2 H, J 5 Hz), 4.00 (m, 1 H), 4.28 (d, 1 
H, J 5 Hz), and 4.68 (d, 1 H, J 5 Hz); °C-n.m.r. (CDCI,): 6 18.06, 21.17, 25.02, 
25.60, 26.47, 64.76, 81.95, 85.67, 87.74, 106.39, and 112.16; m.s. (M* — CH,): 
Calc. for C,,H,,0.Si, m/z 303.1618; found, 303.1628. 

5-O-[(1,1- Dimethylethyl)dimethylsilyl] - 2,3 -O - (1 - methylethylidene) - 1 -C- 
phenyl-p-ribofuranose (3). — By the procedure used to prepare 2, 1 (906 mg) in 
oxolane (10 mL) and a 0.95M benzene-ether solution of phenyllithium (3.16 mL) 
afforded, after flash chromatography (40 x 150 mm column of SiO,, 20% ethyl 
acetate—petroleum ether) afforded 3 (1.072 g, 94%), colorless white syrup (mixture 
of anomers), [a]j*° —20° (c 1.5, ethanol), R, 0.45 (SiO,, 20% ethyl acetate— 
petroleum ether); vO#Cs 3580, 2950, 2930, 2860, 1500, 1250, 1220, and 1080 cm~!; 
'H-n.m.r. (CDCI,): 6 0.02 (s, 6 H), 0.85 (s, 9 H), 1.06 (s, 3 H), 1.18 (s, 3 H), 3.63 
(d, 2 H, J 6 Hz), 4.08 (m, 1 H), 4.36 (m, 1 H), 4.68 (d, 1 H, J 6 Hz), and 7.05-7.30 
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(m, 5 H); 8C-n.m.r. (CDCI,): 6 18.29, 24.87, 25.81, 26.39, 64.81, 81.97, 86.18, 
88.65. 112.59. 125.69. 126.96, 127.42, 128.00, and 138.99; m.s. (M*): Calc. for 
C,)H,,0.Si, m/z 380.2014; found, 380.2019. 

5-O-[(1,1-Dimethylethyl)dimethylsilyl|-2,3-O-(1-methylethylidene) -1-C-(4- 
methylphenyl)-b-ribofuranose (4). — To a stirred solution of 4-bromotoluene 
(1.026 g, 6.00 mmol) in oxolane at —78° was added a 1.8M solution of tert-butyl- 
lithium in pentane (7 mL, 12.2 mmol). The mixture was stirred at —78° for 1 h, 
allowed to warm to 0°, and then cooled to —78°. To this solution was added a 
solution of 1 (1.812 g, 6.00 mmol) in oxolane (15 mL). The mixture was stirred at 
—78° for 6 h, then methanol (1 mL) was added and the mixture allowed to warm 
to room temperature. The solution was poured into ether (200 mL) and washed 
twice with water (150 mL). The organic phase was dried (MgSO,) and then 
evaporated under reduced pressure to give 4 (2.38 g, 100%), colorless white syrup, 
[a]Z> —32° (c 1.5, chloroform), R, 0.66 (SiO,, 20% ethyl acetate—petroleum ether); 
vHClh 3680, 3500-3200, 3000, 2960, 2940, 2860, 1520, 1470, 1420, 1380, 1370, 1220, 
and 1080 cm~!; 'H-n.m.r. (CDCI,): 60.12 (s, 6 H), 0.93 (s, 9 H), 1.20 (s, 3 H), 1.38 
(s, 3 H), 2.33 (s, 3 H), 3.70 (d, 2 H, J 3 Hz), 4.42 (s, 1 H), 4.58 (d, 1 H, 6 Hz), 4.89 
(d, 1 H, J/6 Hz), 7.15 (d, 2H, 8 Hz), and 7.51 (d, 2H, J 8 Hz); °C-n.m.r. (CDCL,): 
5 —5.83, 17.99, 20.88, 24.62, 25.59, 26.19, 64.51, 81.95, 85.84, 88.04, 106.74, 
112.74, 126.74, 127.83, 136.13, and 137.07; m.s. (M*): Calc. for C,,H,,0<Si, m/z 
394.2175; found, 394.2195. 

5-O-[(1,1-Dimethylethyl)dimethylsilyl|-2,3-O-(1-methylethylidene) -1-C-(4- 
methenrghensl)- p-ribofuranose (5). — By the procedure used to prepare 4, 4- 
bromoanisole (561 mg, 3.00 mmol) in oxolane (9 mL) with a 1.8M solution of tert- 
butyllithium in pentane (3.4 mL, 6.15 mmol) provided a solution of 4-lithio-1- 
methoxybenzene. This solution and 1 (906 mg, 3.00 mmol) in oxolane (9 mL) 
afforded 5 (1.230 g, 100%), colorless white syrup, [a]§° —45° (c 1.5, chloroform), 
R,-0.39 (SiO,, 20% ethyl acetate—petroleum ether); v6S 3580, 3500-3200, 2960, 
2940, 2860, 1685, 1600, 1510, 1380, 1370, 1250, and 1080 cm~'; 'H-n.m.r. (CDCL,): 
5 0.09 (s, 6 H), 0.90 (s, 9 H), 1.15 (s, 3 H), 1.28 (s, 3 H), 3.70 (m, 5 H), 4.18 (m, 
1 H), 4.45 (d, 1 H, J 5 Hz), 4.75 (d, 1 H), 6.76 (d, 2 H, J 8 Hz), and 7.40 (d, 2 H, 
J 8 Hz); °C-n.m.r. (CDCI,): 6 18.27, 25.55, 25.79, 26.42, 55.07, 64.79, 81.90, 
86.02, 88.50, 106.80, 112.53, 112.83, 128.24, 131.24, and 159.35; m.s. (M*+ — CH,): 
Calc. for C,)H;,0,Si, m/z 395.1881; found, 395.1890. 

] -C-[1,1'- Biphenyi]-4-yl-5-O-[(1,1-dimethylethyl)dimethylsilyl]-2,3-O-(1- 
methylethylidene)-D-ribofuranose (6). — By the procedure used to prepare 4, 4- 
bromobiphenyl (671 mg, 3.00 mmol) in oxolane (9 mL) and a 1.8M solution of 
tert-butyllithium in pentane (3.4 mL, 6.15 mmol) provided a solution of 1-lithio-4- 
phenylbenzene. This solution and 1 (906 mg, 3.00 mmol) in oxolane (9 mL) 
afforded 6 (1.314 g, 96%), a colorless white syrup, [a]i*° —54° (c 1.5, chloroform); 
R;, 0.52 (SiO,, 20% ethyl acetate—petroleum ether); vO#Cs 3680, 3400-3200, 3000, 
2960, 2940, 2860, 1385, 1375, 1220, and 1080 cm~!; . IH. n.m.r. (CCl,): 6 0.03 (s, 6 
H), 0.90 (s, 9 H), 1.18 (s, 3 H), 1.30 (s, 3 H), 3.70 (d, 2H, J5 Hz), 4.12 (t, 1 H, J 
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5 Hz), 4.77 (m, 1 H), 5.05 (d, 1 H, J 4 Hz), and 7.35 (m, 9 H); °C-n.m.r. (CDCI,): 
5 —5.65, 18.32, 24.59, 25.88, 26.54, 64.87, 82.13, 86.13, 88.68, 106.97, 112.71, 
126.25, 126.82, 127.16, 127.53, 128.63, 138.25, 140.84, and 141.16; m.s. (M* — 
CH, — H,O): Calc. for C,;H;;0,Si, m/z 439.1994; found, 439.1940. 

5-O-[(1,1- Dimethylethyl)dimethylsilyl] - 1 -C- (2 -furanyl) -2,3-O-(1-methyl- 
ethylidene)-p-ribofuranose (7). — To a stirred solution of furan (309 mg, 4.5 mmol) 
and tetramethylethylenediamine (105 mg, 0.9 mmol) in ether (3 mL) at —20° 
was added butyllithium in hexane (1.90 mL, 3.00 mmol). The mixture was allowed 
to warm to room temperature, and after 3 h stirring the mixture was cooled to 
—78° and oxolane (4 mL) was added to give a clear solution of 2-lithiofuran. A 
solution of 1 (906 mg, 3.00 mmol) in oxolane (10 mL) was added, and after stirring 
for 6 h at —78° methanol (1 mL) was added. The mixture was allowed to warm to 
room temperature, poured into ether (250 mL), and washed twice with M 
ammonium chloride (50 mL) and twice with saturated NaHCO, (50 mL). The 
organic phase was dried (MgSO,) and then evaporated under reduced pressure to 
give a colorless white syrup. This was purified by flash chromatography (60 x 180 
mm column of SiO,, 20% ethyl acetate—petroleum ether) to give 7 (996 mg, 96%) 
as a colorless white syrup; it was present as three interconverting forms, two 
hemiacetal anomers and the open-chain ketonic form; therefore in the °C-n.m.r. 
spectrum only the major characteristic peaks are reported; [a]é*> —44° (c 1.5, 
chloroform), R, 0.35 (SiO,, 18% ethyl acetate—petroleum ether); vOS 3580, 3500- 
3250, 2960, 2940, 2850, 1700, 1475, 1390, 1380, 1260, 1220, and 1090 cm~'!; 'H- 
n.m.r. (CDCI,): 6 0.05 (s, 6 H), 0.90 (s, 9 H), 1.16, 1.29, 1.45, 1.50 (all s, total 6 
H), 3.66 (d, 2 H, J 5 Hz), 4.18 (t, 1 H, J 5 Hz), 4.51, 4.70 (both, total 1 H), 5.23 
(d, 1 H, J 5 Hz), 6.28 (m, 2 H), and 7.32 (m, 1 H); °C-n.m.r. (CDCI,): 6 18.05, 
24.67, 24.92, 25.31, 25.62, 26.07, 27.00, 64.46, 78.59, 81.95, 85.78, 88.30, 104.34, 
108.04, 109.85, 112.62, 142.18, 151.40, and 184.00; m.s. (M* — CH,): Calc. for 
C,7H,70,Si, m/z 355.1571; found, 355.1577. 

1 -C-[4-(Dimethylamino) phenyl|-5-O-|(1,1-dimethylethyl)dimethylsilyl]-2,3- 
O-(1-methylethylidene)-D-ribofuranose (8). — By the procedure used to prepare 4, 
4-bromo-N, N-dimethylaniline (600 mg, 3.00 mmol) in oxolane (9 mL) and a 1.8M 
solution of fert-butyllithium in pentane (3.4 mL, 6.15 mmol) provided a solution of 
4-lithio-N, N-dimethylaniline. This solution and 1 (906 mg, 3.00 mmol) in oxolane 
(9 mL) afforded, after flash chromatography (40 x 150 mm column of SiO,, 10% 
ethyl acetate—-dichloromethane), 8 (31%), colorless white syrup, [a],*> +6.8° 
(c 1.5, chloroform), R,; 0.50 (SiO,, 10% ethyl acetate—dichloromethane); 
vCHCh 3005, 2960, 2940, 2850, 1600, 1530, 1480, 1430, 1370, and 1220 cm~!; 'H- 
n.m.r. (CDCI,): 6 0.05 (s, 6 H), 0.90 (s, 9 H), 1.33 (s, 3 H), 1.48 (s, 3 H), 2.89 (s, 
3 H), 2.99 (s, 3 H), 3.79 (d, 2 H, J 3 Hz), 4.59 (m, 1 H), 4.70 (m, 1 H), 5.20 (d, 1 
H, J 6 Hz), 6.65 (d, 2 H, J 10 Hz), and 8.80 (d, 2 H, 10 Hz); °C-n.m.r. (CDCI,): 
5 18.26, 25.83, 26.86, 27.23, 39.86, 64.03, 72.63; 76.69, 78.95, 110.53, 123.58, 
131.79, 153.63, and 183.53; m.s. (M*): Calc. for C,,H,,0;NSi, m/z 423.2446; 
found, 423.2441. 
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(R)-1,4-Anhydro-5-O-[(1,1-dimethylethyl)dimethylsilyl| -2,3-O-(1-methyl- 
ethylidene)-1-C-phenyl-p-ribitol (11). — To a stirred solution of 3 (692 mg, 1.82 
mmol) in 2,2,2-trifluorethanol (14 mL) at room temperature was added first sodium 
cyanoborohydride (349 mg, 5.46 mmol), followed by dichloroacetic acid (705 mg, 
5.46 mmol). The mixture was stirred at room temperature for 10 min, sat. aq. 
NaHCO, (10 mL) was added, and the mixture was poured into water (120 mL). 
The organic phase was dried (MgSO,) and evaporated under reduced pressure to 
give a white oil. Chromatography (50 x 180 mm column of SiO,, 15% ethyl 
acetate—petroleum ether) afforded 11 (448 mg, 68%), colorless white syrup, [a@]j° 
—65° (c 1.5, chloroform), R; 0.45 (SiO,, 10% ethyl acetate—petroleum ether); v,,,, 
2980, 2960, 2930, 2860, 1600, 1495, 1440, 1420, 1410, 1260, 1210, and 1160 cm™'; 
'H-n.m.r. (360 MHz, CDCI,): 65 0.046 (s, 3 H), 0.894 (s, 9 H), 1.246 (s, 3 H), 1.397 
(s, 3 H), 3.754 (dd, 1 H, J 10, J 3.6 Hz), 3.816 (dd, 1 H, J 10, J 3.6 Hz), 4.224 (t, 
1 H, J 3.6 Hz), 4.776 (t, 1 H, J 5.4 Hz), 4.907 (d, 1 H, J 5.4 Hz), 5.194 (d, 1 H, J 
4.7 Hz), and 7.18-7.38 (m, 5 H); °C-n.m.r. (90 MHz, CDCI,): 6 —5.59, 18.13, 
24.79, 25.86, 26.16, 65.18, 83.23, 83.35, 84.30, 84.44, 112.37, 127.35, 127.53, 
127.79, and 137.06; m.s. (M* — CH,): Calc. for C,JHj,0,Si, m/z 349.1835; found, 
349.1841. 

[R (12) and S]-1,4-Anhydro-5-O-[ (1,1-dimethylethyl)dimethylsilyl|-2,3-O-(1- 
methylethylidene)-1-C-(4-methylphenyl)-D-ribitol (19). — By the procedure used to 
prepare 11, 4 (624 mg, 1.584 mmol) in 2,2,2-trifluoroethanol (7 mL) at room 
temperature, sodium cyanoborohydride (200 mg, 4.752 mmol), and dichloroacetic 
acid (400 mg, 4.752 mmol) afforded, after chromatography (60 x 180 mm column 
of SiO,, 10% ethyl acetate—petroleum ether), 12 and 18. 

Compound 12. Yield 381 mg (63%), colorless white oil, [a]° —85.5° (c 1.5, 
chloroform), R,0.51 (SiO,, 10% ethyl acetate—petroleum ether); vS#@> 2960, 2930, 
2860, 1615, 1470, 1460, 1380, 1370, 1255, 1210, 1130, and 1070 cm~'; 'H-n.m.r. 
(CDCI,): 6 0.10 (s, 6 H), 0.90 (s, 9 H), 1.34 (s, 3 H), 1.50 (s, 3 H), 2.38 (s, 3 H), 
3.87 (d, 2 H, J 3 Hz), 4.32 (t, 1 H, J 3 Hz), 4.85 (m, 1 H), 5.04 (m, 1 H), 5.28 (d, 
1 H,J5 Hz), and 7.22 (d, 2H, J 7.5 Hz); °C-n.m.r. (CDCI,): 6 18.08, 21.10, 24.70, 
25.80, 26.41, 65.16, 83.31, 84.21, 84.35, 112.31, 127.34, 128.57, 133.90, and 137.16; 
m.s. (M*): Calc. for C,,H,,0,Si, m/z 378.2226; found, 378.2238. 

Compound 19. Yield 112 mg (19%), colorless white syrup, [a]f*> —41° (c 1.5, 
chloroform), R,; 0.59 (SiO,, 10% ethyl acetate—petroleum ether); vO#Cs 2990, 2980, 
2860, 2730, 1515, 1470, 1380, 1370, 1260, 1210, and 1080 cm~'!; 'H-n.m.r. (360 
MHz, CDCI,): 60.115 (s, 3 H), 0.125 (s, 3 H), 0.943 (s, 9 H), 1.382 (s, 3 H), 1.647 
(s, 3 H), 2.364 (s, 3 H), 3.878 (m, 2 H), 4.180 (dd, 1 H, J 7.2, J 3.6 Hz), 4.506 (dd, 
1 H, J 6.8, J 5.4 Hz), 4.769 (dd, 1 H, 6.8 Hz, 3.6 Hz), 4.895 (d, 1 H, J 5.4 Hz), 
7.170 (d, 2 H, J 8 Hz), and 7.326 (d, 2 H, J 8 Hz); °C-n.m.r. (90 MHz, CDCI,): 6 
—5.42, 18.35, 21.07, 25.65, 25.90, 27.68, 63.42, 87.77, 84.54, 85.75, 82.25, 114.30, 
125.76, 128.99, and 137.27; m.s. (M*+ — CH,): Calc. for C,,)H;,0,Si, m/z 363.1992; 
found, 363.2009. 

(R)-1,4-Anhydro-5-O-[(1,1-dimethylethyl)dimethylsilyl] - 2,3 -O-(1-methyl- 
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ethylidene)-1-C-(4-methoxyphenyl)-D-ribitol (13). — To a stirred solution of 5 (511 
mg, 1.25 mmol) in methanol (8 mL) at room temperature was added first 4-toluene- 
sulfonic acid monohydrate (400 mg, 2.10 mmol), and then sodium cyanoboro- 
hydride (233 mg, 3.75 mmol). After stirring for 5 min at room temperature, no 
starting material was detectable (t.l.c.). Sat. aq. NaHCO, (6 mL) was added, and 
the mixture was poured into ether (200 mL) and washed with sat. aq. NaHCO, (50 
mL), and then water (20 mL). The organic layer was dried (MgSO,) and then 
evaporated under reduced pressure to give 12 (479 mg, 98%), colorless white oil, 
[a]Z° —32° (c 1.5, chloroform), R, 0.39 (SiO,, 10% ethyl acetate—petroleum ether); 
vCHCh 3010, 2960, 2940, 2860, 1515, 1425, 1385, 1375, and 1220 cm~'!; 'H-n.m.r. 
(CDCI): 6 0.12 (s, 6 H), 0.93 (s, 9 H), 1.20 (s, 9 H), 1.38 (s, 3 H), 2.33 (s, 3 H), 
3.70 (d, 2 H, J 3 Hz), 4.42 (s, 1 H), 4.58 (d, 1 H, J 6 Hz), 4.89 (d, 1 H, J 6 Hz), 
7.15 (d, 2 H, J 8 Hz), and 7.51 (d, 2H, J 8 Hz); °C-n.m.r. (CDCI,): 6 18.3, 25.55, 
25.8, 26.4, 55.1, 64.8 81.9, 86.0, 88.5, 106.8, 112.5, 112.8, 128.2, 131.2, and 159.3; 
m.s. (M*+ — CH,): Calc. for C,)H;,0.Si, m/z 395.1881; found, 395.1890. 

(R (14) and S)-1,4-Anhydro-1-C-(biphenyl-4-yl)-5-O-| (1, 1-dimethylethyl) di- 
methylsilyl|-2,3-O-(1-methylethylidene)-D-ribitol (27). — By the procedure used to 
prepare 11, 6 (760 mg, 1.67 mmol) in 2,2,2-trifluorethanol (13 mL), sodium 
cyanoborohydride (315 mg, 5.00 mmol), and dichloroacetic acid afforded at room 
temperature (645 mg, 5.00 mmol), after flash chromatography (50 x 150 mm 
column of SiO,, 10% ethyl acetate—petroleum ether), 14 and 21. 

Compound 14. Yield 480 mg (66%), colorless white syrup, [a]i*> —44° (c 1.5, 
chloroform), R; 0.44 (SiO,, 10% ethyl acetate—petroleum ether); vO#C> 3005, 2960, 
2930, 2860, 1520, 1490, 1470, 1420, 1385, 1375, 1220, and 1080 cm~'; 'H-n.m.r. 
(CDCI,): 5 0.08 (s, 6 H), 0.91 (s, 9 H), 1.23 (s, 3 H), 1.33 (s, 3 H), 3.78 (d, 2 H, J 
3 Hz), 4.12 (t, 1 H, J 3 Hz), 4.80 (m, 2 H), 5.10 (d, 1 H, J 3 Hz), and 7.37 (m, 9 
H); C-n.m.r. (CDCI,): 6 18.14, 24.73, 25.87, 26.17, 65.26, 83.24, 83.39, 84.31, 
112.43, 126.65, 127.09, 127.82, 128.63, 136.06, 140.49, and 141.46; m.s. (M*): 
Calc. for C,,H,,0,Si, m/z 440.2383; found, 440.2366. 

Compound 21. Yield 122 mg (17%), colorless white syrup, [a@]§*> —53° (c 1.5, 
chloroform), R; 0.54 (SiO,, 10% ethyl acetate—petroleum ether); vOH@s 3015, 2995, 
2960, 2930, 2860, 1600, 1490, 1470, 1460, 1380, 1370, 1250, and 1080 cm~'; 'H- 
n.m.r. (360 MHz, CDCI,): 60.107 (s, 3 H), 0.117 (s, 3 H), 0.927 (s, 9 H), 1.381 (s, 
3 H), 1.649 (s, 3 H), 3.884 (ddd, 2 H, J 16.5, J 7.2, J 3.6 Hz), 4.217 (dd, 1 H, J 7.2, 
J 3.6 Hz), 4.549 (dd, 1 H, J 6.5, J 5 Hz), 4.783 (dd, 1 H, J 6.5, J 3.6 Hz), 4.960 (d, 
1H, J 5 Hz), 7.338 (tt, J 7.2, J 1.4 Hz), and 7.435—7.590 (m, 8 H); °C-n.m.r. (90 
MHz, CDCI,): 6 —5.42, —5.32, 18.33, 25.65, 25.90, 27.69, 63.45, 81.85, 84.62, 
85.69, 87.22, 114.36, 126.18, 127.09, 128.70, 139.37, 140.63, and 141.04; m.s. (M* 
— CH,): Calc. for C,;H3;0,Si, m/z 425.2148; found, 425.2156. 

1,4:5,8-Dianhydro-2,3-dideoxy-9-O-| (1, 1-dimethylethyl)dimethylsilyl|-6, 7-O- 
(1-methylethylidene)-D-|altro- (15) and allo|-nono-1,3-dienitol (22). — To a stirred 
solution of 7 (896 mg, 2.42 mmol) in 2,2,2-trifluorethanol (19 mL) at room 
temperature was added first sodium cyanoborohydride (465 mg, 7.27 mmol), and 
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then dichloroacetic acid (931 mg, 7.27 mmol). The mixture was stirred at room 
temperature for 10 min, sat. aq. NaHCO, (10 mL) was added, and the mixture was 
poured into water (150 mL). The organic phase was dried (MgSO,) and evaporated 
under reduced pressure to give a white oil which was purified by flash chromato- 
graphy (60 x 180 mm column of SiO,, 10% ethyl acetate—petroleum ether) to give 
15 and 22. 

Compound 15. Yield 642 mg (73%), colorless white oil, [a]j*° —58° (c 1.5, 
chloroform), R;.0.45 (SiO,, 10% ethyl acetate—petroleum ether); vB“ 2980, 2960, 
2940, 2900, 2840, 1540, 1520, 1360, 1340, 1310, 1220, 1180, 1120, and 980 cm~!; 
'H-n.m.r. (360 MHz, CDCI,): 6 0.065 (s, 6 H), 0.895 (s, 9 H), 1.327 (s, 3 H), 1.475 
(s, 3 H), 3.740 (dd, 2 H, J 3.2, J 10.9 Hz), 3.824 (dd, 1 H, J 3.2, J 10.9 Hz), 4.197 
(t, 1 H, J 3.2 Hz), 4.836 (dd, 1 H, J 4.3, J 6.1 Hz), 4.907 (d, 1 H, J 6.1 Hz), 5.222 
(d, 1 H, J 4.3 Hz), 6.438 (d, 1 H, J 3.2 Hz), 7.344 (dd, 1 H, J 1.8, J 3.2 Hz), and 
7.382 (d, 1 H, J 1.8 Hz); °C-n.m.r. (90 MHz, CDCI,): 6 —5.6, 18.1, 25.08, 25.86, 
26.25, 65.25, 78.86, 82.34, 83.26, 84.04, 108.76, 110.30, 112.70, 141.91, 150.59; 
m.s. (M*): Calc. for C,g:H3,0<Si, m/z 354.1862; found, 354.1856. 

Compound 22. Yield 210 mg (24%), colorless white oil, [a]j* —44° (c 1.5, 
chloroform), R, 0.52 (SiO,, 10% ethyl acetate—petroleum ether); vOHCs 2990, 2980, 
2940, 2860, 1480, 1460, 1380, 1360, 1250, 1210, 1150, and 1080 cm~!; 'H-n.m.r. 
(360 MHz, CDCI,): 6 0.01 (s, 3 H), 0.021 (s, 3 H), 0.865 (s, 9 H), 1.348 (s, 3 H), 
1.557 (s, 3 H), 3.660 (dd, 1 H, J 11.2, J 4.7 Hz), 3.725 (dd, 1 H, J 11.2, J 4.7 Hz), 
4.123 (dd, 1 H, J 6.5, J 4.7 Hz), 4.745 (dd, 1 H, J 5.0, J 4.7 Hz), 4.830 (dd, 1 H, J 
6.5, J 5.0 Hz), 4.884 (d, 1 H, J 4.7 Hz), 6.308 (m, 2 H), and 7.359 (s, 1 H); 8C- 
n.m.r. (90 MHz, CDCI,): 6 —5.38, —3.42, 18.37, 25.59, 25.90, 27.50, 63.36, 79.91, | 
82.30, 83.65, 85.03, 107.98, 110.23, 114.06, 142.61, and 152.24; m.s. (M*): Calc. 
for C,gH3)0.Si, m/z 354.1862; found, 354.1844. 

The identity of 14 and 21 was confirmed by desilylating each to afford the 
known!’ compounds 9 and 24. 

1,4:5,8-Dianhydro-2,3-dideoxy-6, 7-O-(1-methylethylidene)-D-altro-nono-1,3- 
dienitol (9). — To a stirred solution of 19 (366 mg, 0.99 mmol) in oxolane at room 
temperature was added tetrabutylammonium fluoride (500 mg, 1.88 mmol). After 
4h at room temperature, the mixture was poured into ether (80 mL) and washed 
three times with water. The organic phase was dried (MgSQO,) and then evaporated 
under reduced pressure to give 9 (263 mg, 94%), colorless white syrup, R, 0.40 
(SiO,, 50% ethyl acetate—petroleum ether); 'H-n.m.r. (CDCI,): 6 1.33 (s, 3 H), 
1.47 (s, 3 H), 3.65 (d, 2H, J 5 Hz), 4.22 (t, 1 H, J 5 Hz), 4.664.90 (m, 2 H), 5.10 
(d, 3 Hz), 6.39 (dd, 1 H, J 3.5, J 1.5 Hz), 6.50 (d, 1 H, J 3.5 Hz), and 7.45 (s, 1 H); 
3C-n.m.r. (CDCI,): 6 24.97, 26.14, 62.30, 78.43, 81.75, 82.57, 84.15, 109.32, 
110.49, 113.16, 142.16, and 149.84; m.s. (M*): Calc. for C,,H,,O,;, m/z 240.0997; 
found, 240.0994. 

1,4:5,8-Dianhydro-2,3-dideoxy-6, 7-O-(1-methylethylidene)-D-allo-nono-1, 3- 
dienitol (24). — To a stirred solution of 22 (60 mg, 0.16 mmol) in acetonitrile (4 
mL) at —5° was added 48% aqueous HF (0.10 mL, 2.4 mmol). After 15 min at —5°, 
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sat. aq. NaHCO, (3 mL) was added, and the mixture was poured into dichloro- 
methane (80 mL) and washed with water (30 mL). The organic phase was dried 
(MgSO,) and evaporated under reduced pressure to give 22 (28 mg, 73%), colorless 
white syrup; 'H-n.m.r. (360 MHz, CDCI,): 6 1.340 (s, 3 H), 1.558 (s, 3 H), 3.619- 
3.685 (m, 2 H), 4.174 (dd, 1 H, J 7.2, J 5.0 Hz), 4.765 (m, 1 H), 4.861 (t, 1 H, J 
5.0 Hz), 4.910 (d, 1 H, J 4.7 Hz), 6.350 (m, 2 H), and 7.394 (s, 1 H); °C-n.m.r. 
(90 MHz, CDCl,): 6 25.430, 27.392, 62.896, 80.058, 81.915, 83.798, 85.079, 
108.558, 110.395, 114.444, 143.089, and 151.773. 

1,4:5,8-Dianhydro-2,3-dideoxy-9-O-| (1, 1-dimethylethyl)dimethylsilyl|-6, 7-O- 
(1-methylethylidene)-D-(altro-)-nono-1,3-dienitol (15) by reduction of 7 in methanol. 
— By the procedure used to prepare 13, 7 (70 mg, 0.19 mmol) in methanol (0.5 
mL) was treated at 0° with 4-toluenesulfonic acid hydrate (65 mg, 0.34 mmol) and 
sodium cyanoborohydride (75 mg, 1.19 mmol) at 0° for 10s, and then the reaction 
quenched with sat. aq. NaHCO, (2 mL). The mixture was poured into ether (30 
mL) and washed with sat. aq. NaHCO, (20 mL) and water (20 mL). The organic 
phase was dried (MgSO,) and evaporated under reduced pressure to give, after 
flash chromatography (20 x 140 mm column of SiO,, 20% ethyl acetate—petroleum 
ether), 15 (41 mg, 62%), colorless white oil, identical with the material described 
earlier. 

4,4'-(Ethylenedioxy)dibromobenzene (25). — To a stirred solution of 1,2- 
bis(phenoxy)ethane (15 g, 70.1 mmol) in glacial acetic acid (530 mL) at room 
temperature was aded Br, (23.5 g, 147 mmol). After stirring at room temperature 
for 1 h, 5% aqueous Na,S,O, solution was added. Dilution of the mixture with 
water (400 mL) afforded a crude product which was collected by filtration and 
recrystallized from chloroform—ethanol to give 25 (22.3 g, 86%), lustrous white 
plates, m.p. 125—126.5° (lit.27 m.p. 131—132°). 

4,4' - (Ethylenedioxy)bis|5 - O -[(1,1 - dimethylethyl)dimethylsilyl] - 2,3 -O - (1 - 
methylethylidene)-D-ribofuranosyl|benzene (27). — To a vigorously stirred solution 
of 1.8M fert-butyllithium (18.2 mL, 32.8 mmol) in pentane at —78° was added 
dropwise a solution of dibromide 25 (2.98 g) in oxolane (70 mL). After being stirred 
at —78° for 1 h, the yellow solution was warmed to —15° for 10 min and then again 
cooled to —78°. To this solution of 4,4’-(ethylenedioxy)dilithiobenzene (26) was 
added, dropwise, over 10 min, a precooled (—70°) solution of 1 (5.074 g, 16.8 
mmol) in oxolane (50 mL). The mixture was stirred at —78° for 6 h, then methanol 
(1 mL) was added, the mixture was allowed to warm to room temperature, and 
then poured into ether (500 mL) and washed three times with water (200 mL). The 
organic phase was separated, dried (MgSO,), and evaporated under reduced 
pressure to give 27 (6.55 g, 100%), white foam; [a]i* —51° (c 1.5, chloroform), R, 
0.22 (SiO,, 20% ethyl acetate—petroleum ether); v©Cs 3590, 3550-3250, 2960, 2930, 
2860, 1610, 1515, 1380, 1370, 1240, and 1080 cm~!; 'H-n.m.r. (CDCI,): 6 7.64 (d, 
2H, J 8.6 Hz), 6.91 (d, 2 H, J 8.6 Hz), 5.15 (s, 1 H), 4.89 (d, 1 H, J 5.4 Hz), 4.60 
(d, 1 H, J 5.4 Hz), 4.43 (br. s, 1 H), 4.29 (s, 2 H), 3.88 (dd, 1 H, J 10.8, J 2.5 Hz), 
3.82 (dd, 1 H, J 10.8, J 2.5 Hz), 1.39 (s, 3 H), 1.24 (s, 3 H), 0.94 (s, 9 H), and 0.16 
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(s, 6 H); 8C-n.m.r. (CDCI,): 6 158.52, 131.83, 128.31, 114.22, 113.65, 112.53, 
106.86, 88.49, 86.08, 82.00, 66.46, 64.82, 26.46, 25.80, 24.87, 18.24, and —5.64. 
For quantitative analysis, a portion of this product was converted into the corre- 
sponding methyl glycoside 28 by the action of methanolic trifluoroacetic acid. The 
glycoside crystallized from the solution and was recrystallized from ethyl acetate— 
methanol, m.p. 107—108.5°, [a]3*° —67° (c 1.5, chloroform), Ry 0.64 (SiO,, 20% 
ethyl acetate—petroleum ether); vOCs 2980, 2930, 2860, 1610, 1515, 1380, 1370, 
1240, and 1100 cm~!; 'H-n.m.r. (CDCI,): 6 7.394 (d, 2 H, J 8.6 Hz), 6.928 (d, 2 H, 
J 8.6 Hz), 4.805 (d, 1 H, J 5.8 Hz), 4.643 (d, 1 H, J 5.8 Hz), 4.318 (br. s, 2 H), 
3.757 (appar. t, 2 H), 2.980 (s, 3 H), 1.296 (s, 3 H), 1.229 (s, 3 H), 0.918 (s, 9 H), 
and 0.095 (s, 6 H); °C-n.m.r. (CDCI,): 6 158.53, 129.42, 128.93, 113.98, 112.37, 
111.65, 87.46, 86.60, 82.79, 66.45, 63.91, 49.06, 26.48, 25.92, 25.22, 18.34, and 
—5.28. 

Anal. Calc. for C4,H+)0,,Si,: C, 62.38; H, 8.33. Found: C, 61.69; H, 8.41. 

4,4' - (Ethylenedioxy)bis(1R,1'R) -1,4-anhydro-5-O-{[(1,1-dimethylethyl)di- 
methylsilyl|-2,3-O-(1-methylethylidene)-D-ribit-1-yl)benzene (29). — To a solution 
of 27 (6.55 g, 8.00 mmol) in methanol (54 mL) at 0° was added first 4-toluene- 
sulfonic acid monohydrate (5.43 g, 28.5 mmol), and then sodium cyanoborohydride 
(3.39 g, 53.6 mmol). The mixture was stirred at 0° for 7 min, and then poured in 
sat. aq. NaHCO, (200 mL). Ether (500 mL) was added and the organic phase was 
washed with water (3 x 200 mL), dried (MgSO,), and evaporated under reduced 
pressure to give (29) (6.40 g, 100%), white foam, [a]§*° —71° (c 1.5, chloroform), 
R,;, 0.22 (SiO,, 20% ethyl acetate—petroleum ether); vSS 2995, 2960, 2930, 2860, 
1590, 1510, 1380, 1370, 1240, and 1080 cm~!; 'H-n.m.r. (CDCI,): 6 7.306 (d, 2 H, 
J 8.6 Hz), 6.921 (d, 2 H, J 8.6 Hz), 5.179 (d, 1 H, J 4 Hz), 4.934 (d, 1 H, J 6.1 Hz), 
4.758 (dd, 1 H, J 6.1, J 4 Hz), 4.289 (s, 2 H), 4.237 (t, 1 H, J 3.2 Hz), 3.848 (dd, 1 
H, J 10.8, J 3.2 Hz), 3.789 (dd, 1 H, J 10.8, J 3.2 Hz), 1.471 (s, 3 H), 1.294 (s, 3 
H), 0.935 (s, 9 H), and 0.090 (s, 6 H); ’C-n.m.r. (CDCI,): 6 158.25, 129.42, 128.68, 
114.16, 112.26, 84.01, 83.27, 83.12, 66.54, 65.08, 26.18, 25.8, 24.70, 18.08, and 
—5.58; m.s.: Calc. for Cy,Hg<O,9Si, m/z 786.4194; found, 786.4170. 

4,4'-(Ethylenedioxy)bis|(1R,1'R)-1,4-anhydro-2,3-O-(1-methylethylidene)-D- 
ribit-1-yl|benzene (30). — To a stirred solution of 29 (5.786 g, 7.36 mmol) in 
acetonitrile (50 mL) at 0° was added 48% aqueous HF (625 mg, 18 mmol). The 
mixture was stirred at 0° for 40 min, then poured into a mixture of sat. aq. NaHCO, 
(25 mL) and ethyl acetate (200 mL), and then washed twice with water (200 mL). 
The organic phase was dried (MgSO,) and evaporated under reduced pressure to 
give 30, white powder which crystallized from ethanol—water (3.292 g, 80%), m.p. 
145.5-146.5°, [a]i*> —96.9° (c 1.5, chloroform),, R; 0.22 (SiO,, ethyl acetate); 
vCHCl 3600, 3620-3500, 3000, 2960, 2860, 1510, 1380, 1370, 1220, 1110, and 1060 
cm~!; 'H-n.m.r. (CDC1,): 6 7.333 (d, 2 H, J 8.6 Hz), 6.935 (d, 2 H, J 8.6 Hz), 4.954 
(d, 1 H, J 3.6 Hz), 4.741 (dd, 1 H, J 6.1, J 3.6 Hz), 4.709 (d, 1 H, J 6.1 Hz), 4.323 
and 4.303 (overlapping s, 5 H), 3.674 (d, 2 H, 5.8 Hz), 1.481 (s, 3 H), and 1.278 (s, 
3H); °C-n.m.r. (CDCI,): 6 158.48, 128.84, 128.62, 114.30, 112.77, 84.41, 82.69, 
82.46, 66.61, 62.07, 26.27, and 24.80. 
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Anal. Calc. for Cy H3.0,9: C, 64.50; H, 6.86. Found: C, 64.18; H, 6.77. 

4,4'-(Ethylenedioxy)bis(1R,1R')-1,4-anhydro-5-deoxy-5-|(1,3-dihydro-1,3- 
dioxo-2H-isoindol-2-yl)-2,3-O-(1-methylethylidene)-D-ribit-1-yl|benzene (31). — To 
a stirred solution of 30 (2.02 g, 3.62 mmol) in oxolane (30 mL) at room temperature 
was added triphenylphosphine (1.90 g, 7.24 mmol), phthalimide (1.07 g, 7.24 
mmol), and diethyl azodicarboxylate (1.26 g, 7.24 mmol). The mixture was heated 
at reflux for 3.5 h, cooled, and then poured into 50% ether—ethyl acetate (200 mL). 
The organic phase was washed with water (200 mL), dried (MgSQ,), and 
evaporated under reduced pressure. The oily residue was purified by flash 
chromatography (50 x 180 mm column of SiO,, ethyl acetate) to give a powder 
which crystallized from chloroform—methanol to give 31 (2.09 g, 71%), white 
powder, m.p. 212-214°, [a]f° 49° (c 1.5, chloroform), R; 0.58 (SiO,, ethyl acetate); 
vCHClh 3000, 2840, 1775, 1715, 1515, 1400, 1380, 1370, and 1220 cm~!; 'H-n.m.r. 
(CDCI,): 6 7.820 (dd, 2 H, J 7.8, J 2.9 Hz), 7.692 (dd, 2 H, J 7.8, J 2.9 Hz), 7.346 
(d, 2 H, J 8.6 Hz), 6.900 (d, 2 H, J 8.6 Hz), 5.085 (d, 1 H, J 3.6 Hz, 4.844 (dd, 1 
H, J 5.8, J 3.6 Hz), 4.732 (d, 1 H, 5.8 Hz), 4.589 (m, 1 H), 4.276 (s, 2 H), 3.900 
(dd, 1 H, J 13.7, J 9.7 Hz), 3.733 (dd, 1 H, J 13.7, J 6.1 Hz), 1.472 (s, 3 H), and 
1.279 (s, 3 H); °C-n.m.r. (CDCI,): 5 168.04, 158.48, 132.12, 129.14, 
128.13, 123.33, 114.24, 112.77, 83.38, 82.3, 81.65, 80.57, 66.55, 37.18, 26.12, and 
24.76. 

Anal. Calc. for C4,H4,0,,N,-2 CH,OH: C, 65.45; H, 5.91. Found: C, 65.36; 
H, 5.27. 

4,4'-(Ethylenedioxy)bis(1R,1'R)-5-amino-1,4-anhydro-5-deoxy-2,3-Q-(1- 
methylethylidene)-D-ribit-1-yl)benzene (32). — To a stirred solution of 31 (2.09 g, 
2.56 mmol) in a mixture of benzene (5 mL) and ethanol (12 mL) at room tempera- 
ture was added hydrazine hydrate (2.06 g, 41.2 mmol). The mixture was heated at 
reflux, after which time the initially clear white solution became a white paste. 
After 16 h at reflux, the mixture was poured into 50% ether-ethyl acetate (200 mL) 
and washed twice with M NaOH solution. The organic layer was dried (MgSQO,) 
and then evaporated under reduced pressure to give a white oil. Flash chromato- 
graphy (30 x 180 mm column of SiO,, 2% triethylamine—methanol) afforded 32 
(808 mg, 78%), clear white oil, [a],°> —81° (c 1.5, chloroform), R; 0.22 (SiO,, 2% 
triethylamine—methanol); v&e» 3700, 3640, 3070, 3020, 1620, 1530, 1480, 1390, 
1240, and 1180 cm~!; 'H-n.m.r. (CDCI,): 6 7.348 (d, 2 H, J 8.6 Hz), 6.935 (d, 2 H, 
J 8.6 Hz), 4.860 (d, 1 H, J 3.6 Hz), 4.730 (dd, 1 H, J 5.8, J 3.6 Hz), 4.625 (d, 1 H, 
J 5.8 Hz), 4.300 (s, 2 H), 4.180 (dd, 1 H, J 9.0, J 4.7 Hz), 2.843 (dd, 1 H, J 13.3, J 
4.7 Hz), 2.729 (dd, 1 H, J 13.3, J 4.7 Hz), 1.486 (s, 3 H), and 1.275 (s, 3 H); 
3C-n.m.r. (CDCI,): 6 158.34, 128.77, 128.55, 114.46, 112.54, 85.70, 83.58, 82.49, 
81.41, 66.49, 42.08, 26.16, and 24.72; m.s. (M*+ — CH): Calc. for C,,>H3,0,N,, 
m/z 541.2550; found, 541.2561. 

[3aS -(3aR* , 4S* ,17S* ,17aR* ,20aS* ,21S* ,32S* ,32aS*)|-3a, 4,10, 11,17, 17a, 
20a, 21,22, 23, 30,31,32,32a-Tetradecahydro-2,2,19, 19-tetramethyl-4,32:17,21-di- 
epoxy-5,8:13,16:25,28-triethenobis|1,3|dioxolo|4,5-j:4' ,5'-x][1,3,14,21|dioxadiaza- 
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cyclotriacontine-24,29-dione (34). — To a solution of triethylamine (2.03 g, 20.0 
mmol) in toluene (54 mL) at 26° was added, simultaneously, over a period of 13 h, 
a solution of 32 (1.11 g, 2.00 mmol) in oxolane (36 mL) and a solution of 
terephthaloyl chloride (406 mg, 2.00 mmol) in toluene (36 mL). The resulting 
solution was evaporated under reduced pressure to a white powder which was 
washed with water (100 mL) and ether (50 mL), and then dried under vacuum to 
give a white powder (662 mg) which was dissolved with dichloromethane (25 mL) 
and the solution filtered. Removal of the dichloromethane and crystallization from 
chloroform—methanol gave 34 (207 mg, 15%), amorphous white powder, 
homogeneous by t.l.c., m.p. >300° (chars), [a]f° 58° (c 1.5, chloroform), Ry 0.16 
(SiO,, dichloromethane), R,; 0.76 (SiO,, 10% methanol—dichloromethane); 
vCHCh 3005, 2830, 1660, 1610, 1510, 1420, 1380, 1375, 1220, 1100, and 1080 cm~'; 
'H-n.m.r. (50% Me,SO-CDCl1,, 65°, 200 MHz): 6 7.732 (s, 2 H), 7.162 (d, 2 H, J 
8.6 Hz), 6.772 (d, 2 H, J 8.6 Hz), 4.783 (dd, 1 H, J 5.8, J 3.4 Hz), 4.682 (d, 1 H, J 
3.4 Hz), 4.657 (d, 1 H, J 5.8 Hz), 4.292 (br. s, 4 H), 4.242 (br. d, 1 H, J 9 Hz), 
3.412 (d, 1 H, J 2.4 Hz), 3.395 (d, 1 H, J 9 Hz), 1.402 (s, 3 H), 1.248 (s, 3 Hz); 
3C-n.m.r. (DMSO): 6 228.52, 166.43, 156.86, 137.01, 129.09, 128.71, 126.92, 
114.40, 111.17, 82.99, 81.54, 79.64, 79.42, 65.22, 38.01, 25.96, and 24.49; m.s.: 
Calc. for C3gH4,O;9, m/z 686.2839; found, 686.2823. 

[3aS-(3aR* ,4S* ,17S* ,17aR* ,20aS* ,21S* ,32S* ,32aS*)|-3a, 4, 10,11, 17, 17a, 
20a, 21, 22,23, 30,31 ,32,32a-Tetradecahydro-2,2,19,19-tetramethyl-4,32:17,21-di- 
epoxy-5,8:13,16:25,28-triethenobis|1,3|dioxolo|4,5-j:4' ,5'-x][1,4, 14,21 |dioxadiaza- 
cyclotriacontine-24,29, dione (35). — A solution of 32 (36 mg, 0.052 mmol) in 70% 
acetic acid (3 mL) was heated at 70° for 72 h. The mixture was cooled, and the 
solvent removed under reduced pressure to give a tan powder which was purified 
by flash chromatography (30 x 180 mm column of SiO,, 73% dichloromethane— 
25% methanol-2% water) to give 33 (21 mg, 66%), amorphous white powder, 
[a]i> —1.4° (c 1.0, 50% methanol-chloroform), R, 0.65 (SiO,, 73% 
dichloromethane-—25% methanol-2% water); vMeS° 3700-3150, 3000, 2915, 1655, 
1440, and 1420 cm~!; 'H-n.m.r. [50% (7H,)methanol—(#H)chloroform]: 6 7.555 (s, 
2 H), 7.032 (d, 2 H, J 8.6 Hz), 6.637 (d, 2 H, J 8.6 Hz), 4.736 (d, 1 H, J 1.8 Hz), 
4.057 (d, 1 H, J 9.4 Hz), 4.003 (d, 1 H, J 9.4 Hz), 3.901 (br. s, 2 H), 3.823 (d, 1 H, 
J 13.0 Hz), and 3.061-3.000 (m, 2 H); “C-n.m.r. [50% (?H,)methanol— 
(7H)chloroform): 6 167.64, 157.43, 137.1, 130.12, 128.89, 126.94, 115.12, 81.82, 
79.35, 75.31, 73.24, 66.00, and 42.60. 

Synthesis and deprotection of |3aS-(3aR* ,4S* ,17S* ,17aR* ,20aS* ,21S* ,24aS*, 
27aS* ,31S* ,31aS*)|-3a, 4, 10,11,17,17a,20a,21,22,23,24a,27a, 29, 30, 3la-hexadeca- 
hydro-2,2,19,19-tetramethyl-4,31:17,21-diepoxy-5,8:13,16-diethenotris|1,3|dioxolo- 
[4,5-j:4' ,5'-p:4",5”"-y][1,4, 14, 19|dioxadiazacyclooctacosine-24,28-dione (methylene 
tartramide macrocyle) (33). — To a solution of toluene (50 mL) containing tri- 
ethylamine (1.30 g, 12.9 mmol) at 23° were added, simultaneously, over 18 h, a 
solution of 32 (1.07 g, 1.92 mmol) and triethylamine (726 mg, 7.19 mmol) in 
oxolane (34 mL) and a solution of 2,3-O-methylenetartaric acid dichloride® (380 
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mg, 1.92 mmol) in toluene (35 mL). After the addition was complete, the mixture 
was stirred an additional 2 h, and then water (20 mL) was added and stirring con- 
tinued for 10 min. The mixture was poured into 4:1 ethyl acetate—dichloromethane 
(250 mL). A small amount of insoluble material was removed by filtration and the 
liquid organic phase was washed twice with M HCI (100 mL), and twice with sat. 
aq. NaHCO, (100 mL). The organic layer was dried (MgSO,) and evaporated 
under reduced pressure. Flash chromatography (40 x 180 mm column of SiQ,, 
45% ethyl acetate-45% dichloromethane—10% methanol) gave the protected 
macrocycle (146 mg, 11%), m.p. >260° (chars), [a]§* —43° (c 0.85, chloroform), 
R, 0.51 (SiO,, 45% ethyl acetate-45% dichloromethane-10% methanol); 
vCHCh 2980, 2930, 1690, 1610, 1515, 1380, 1370, 1220, and 1100 cm~'; 'H-n.m.r. 
(CDCI,): 67.221 (d, 2 H, J 8.6 Hz), 6.776 (d, 2 H, J 8.6 Hz), 4.871 (s, 1 H), 4.800 
(dd, 1 H, J 5.8, J 3.6 Hz), 4.649 (d, 1 H, J 3.6 Hz), 4.618 (s, 1 H), 4.582 (d, 1 H, 
J 5.8 Hz), 4.363 (s, 2 H), 4.260 (dd, 1 H, J 10.8, 4.7 Hz), 3.46-3.54 (m, 1 H), and 
3.25-3.33 (m, 1 H); °C-n.m.r. (Me,SO): 6 168.83, 157.23, 129.32, 128.78, 117.56, 
115.04, 111.32, 95.42, 82.92, 81.49, 80.80, 79.73, 77.05, 66.49, 26.06, and 24.57. 
A solution of the protected macrocycle (31 mg, 0.045 mmol) in 70% acetic 
acid (4 mL) was heated at 70° for 12 h. The solvent was removed under reduced 
pressure and the residual oil purified by chromatography on SiO, (5 g, 20% 
methanol-dichloromethane) to give 33 (25.5 mg, 93%), glass, [a@]§* —11.3° (c 0.95, 
methanol), R, 0.46 (SiO,, 20% methanol—dichloroform); vMe2S° 3700-3150, 2995, 
2810, 1660, 1440, 1405, 1310, and 1080 cm~!; 'H-n.m.r. [D,O, sodium 4,4-di- 


methyl-4-sila(2,3-2H,)pentanoate as external reference]: 67.171 (d, 2 H, J 8.6 Hz), 
6.824 (d, 2 H, J 8.6 Hz), 5.238 (s, 2 H), 5.077 (d, 1 H, J 2.5 Hz), 4.610 (s, 1 H), 
4.454 (br. s, 2H), 4.229-4.287 (m, 2 H), 4.135 (td, 1 H, J 7.9, J 2.5 Hz), 3.648 (dd, 
1 H, J 14.4, J 2.5 Hz), and 3.504 (dd, 1 H, J 14.4, J 7.9 Hz); °C-n.m.r. [D,O, 
sodium 4,4-dimethyl-4-sila(2,3-7H,)pentanoate as external reference]: 5 173.87, 
159.68, 132.94, 130.96, 119.06, 99.60, 84.62, 82.16, 80.32, 77.25, 76.07, 70.24, and 
44.48. 
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ABSTRACT 


The mono-Claisen rearrangement of carbohydrate glycals is demonstrated to 
be a synthetically useful and mechanistically significant reaction. Addition of per- 
O-acetyl glycal—tert-butyldimethylchlorosilane mixture to lithium diisopropylamide 
generated a bis (or tris)ketenesilylacetal which, upon heating, underwent smooth 
mono-Claisen rearrangement to provide a C-glycosyl compound after methylation. 
A second apparently similar Claisen rearrangement required significantly higher 
temperatures in all cases. Thus, similar hydroxy groups were differentiated without 
resort to selective protection. A stereoelectronic rationale based on the newly- 
introduced vinylogous anomeric effect (VAE) is put forth to explain the accelerated 
Claisen rearrangements of these glycals. Molecular orbital and resonance descrip- 
tions of the VAE are included, and the VAE is also used to rationalize ground-state 
conformational preferences of carbohydrate glycals. The C-glycosyl compounds 
produced by mono-Claisen rearrangement were suitable for Pd(0)-catalyzed allylic 
alkylations, providing an unusually facile entry into the pseudomonic acid-ring 
systems. A nine-step synthesis of a known precursor of pseudomonic acid C is 
reported. 


INTRODUCTION 


The aliphatic Claisen rearrangement of allyl vinyl ethers to y,6-unsaturated 
carbonyl groups has become one of the most powerful and versatile tools for 
stereocontrolled, carbon-carbon bond formation in organic synthesis'. Variations 
of this sigmatropic rearrangement have permitted easy access to the required allyl 
vinyl ethers and dramatically lowered the temperature of the transposition by 
modification of substituents*. The Ireland ester enolate—Claisen procedure is 
perhaps the mildest and most generally useful variant now available’. Indeed, the 


*Alfred P. Sloan Foundation Fellow, 1985-87; Dreyfus Teacher-Scholar, 1986-91; Eli Lilly Grantee, 
1985-87; Merck Young Faculty Development Awardee, 1986. 
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Ireland—Claisen rearrangement is almost ideal for the conversion of readily available 
carbohydrate glycals to biologically important C-glycosyl compounds (Scheme 1), 
and many elegant examples of the utility of this transformation have been provided 
by the Ireland school in both the pyran and furan series’. 

One potential drawback in the application of the Ireland—Claisen rearrange- 
ment is the (perceived) need for selective protection of the remaining hydroxy] 
groups in the carbohydrate as a means of rigorous chemical differentiation’. Such 
selective protection—deprotection sequences are common and lengthy, and can de- 
tract from the utility of carbohydrates as starting materials for natural products 
synthesis°. Development of reactions which differentiate between hydroxyl groups 
without selective protection is then an important goal in this field. 

We were prompted to address this problem by a strategy for the synthesis of 
pseudomonic acid C (1) outlined in Scheme 2*. The pseudomonic acids are a 
relatively but small important family of antibiotics which possess the novel C-glyco- 
pyranosyl ring nucleus’. 

The strategy calls for the sequential transformation of the two C-OAc bonds 
of 3,4-di-O-acetyl-1,5-anhydro-2 ,3-dideoxy-L-erythro-pentenitol (2) into two C-—C 
bonds in pseudomonic acid C (1). The first transformation (4—+3) requires the 
retention of relative stereochemical orientation coupled with transposition of allylic 
regioselectivity, whereas the second step (3—2) requires the retention of both 
stereo- and regio-selectivity. Finally, cis-hydroxylation from the less-hindered face 
of 2 and side-chain elaboration would provide 1. Our approach is fundamentally 
different from the more common method of synthesis of pseudomonic acids from 
carbohydrates. In this generalized approach, outlined in Scheme 3, C-2—O and C-3- 
O bonds derived from the carbohydrate molecule are carried through the sequence 
intact, while the remaining hydroxy (or hydroxymethyl) substituents are used as 
handles for side-chain introduction’. Although this approach may appear more 
straightforward on the surface, selective protection—deprotection and activation of 
the various hydroxy groups is required. These reactions do add to the length of the 
*Portions of this work have been reported in preliminary form®. 


‘For racemic synthesis, see refs. 8-11. For nonracemic synthesis, see refs. 12-15. For synthetic approach, 
see refs. 17-18. 
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synthesis, even though they are frequently routine and high-yielding. We will 
demonstrate that the approach outlined in Scheme 2 provides a direct route from 
the readily available L-arabinal derivative 4 to the pseudomonic acid ring nucleus. 
As an added bonus, we note that D- and L-arabinose are equally inexpensive sugars, 
so that either enantiomeric series may be accessed. 


OH or CHsOH 


Scheme 3 


Clearly the Ireland—Claisen rearrangement is well suited for the initial key 
C—O to C-C conversion (4 —3) since both stereo and regio conditions are insured. 
However, the problem of differentiation of the two similar secondary acetates in 4 
immediately arises. To avoid the problem of differentiation by protection, we have 
addressed the possibility of a selective mono-Claisen rearrangement of the 
bis(ketenesilyl)acetal derived from 4. We now wish to report the full details of our 
study which show (a) that the mono-Claisen rearrangement of carbohydrate glycal 
polyketene acetals is a useful and general reaction; (b) that this selective Claisen 
rearrangement is promoted by an accelerating substituent effect of the pyran 
oxygen atom; (c) that this acceleration can be interpreted as a chemical consequence 
of the vinylogous anomeric effect (VAE); and, finally, (d) that the products of this 
rearrangement are suitable for further selective transformations including rapid 
construction of the ring nucleus of the pseudomonic acids°®. 


RESULTS AND DISCUSSION 


In the context of the synthetic approach to pseudomonic acid C (1), th 
selective Ireland—Claisen rearrangement was first investigated with readily avail- 
able 4 (ref. 19). Generation of the bisester enolate by dropwise addition of 4 to 
lithium diisopropylamide (LDA), followed by silylation with fert-butylchlorodi- 
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methylsilane produced a near quantitative yield of bis(silylated) material after 
pentane extraction. Whereas the major product (85-90%) was the 
bis(ketenesilyl)acetal 5, small proportions of at least two other materials were 
present. Though it was strongly suspected that these were the two possible a-silyl 
ester ketenesilyl acetals resulting from mono C-silylation, the identity of the minor 
products was not pursued. Silylation with chlorotrimethylsilane resulted in bis(a- 
silyl) ester formation, and further attempts to improve the purity of the crude 
bis(ketenesilyl)acetal 5 by variation of the solvent, counter-ion, additive, and 
silylating agent were not encouraging. In general, the bis(silylated) product was 
rearranged without purification. 

Warming of crude bis(ketenesilyl)acetal 5 for 6 h at 60° in CDCI, or C.D, 
resulted in smooth conversion to the mono-Claisen rearrangement product 6 as 
indicated by 'H-n.m.r. spectroscopy. In a preparative experiment, the crude 
rearrangement product was directly subjected to desilylation and methylation’®. 
Following flash chromatography, acetate 9 was isolated in 60% yield, along with a 
small amount (<5%) of diester 11 resulting from the second Claisen rearrangement 
(6 —7). A small proportion of 4 (5—7%) was also recovered. This is believed to 
have resulted from C-silylation of OAc-4, since prolonged heating at higher temp- 
eratures did not decrease the yield of this product. Alternatively, brief desilylation 
with potassium fluoride provides the unstable acid 10, also in ~60% yield. Acid 10 
could not be purified owing to its tendency to liberate acetic acid to form the vinyl 
lactone 8. Racemic 8 is an intermediate in the Raphael synthesis!! of pseudomonic 
acid C. Although 10 rearranged on standing at room temperature, the crude acid 
could be used immediately for subsequent transformations (vide infra). 

We were most pleased to discover that this selective mono-Claisen rearrange- 
ment process was practical. Indeed, the 60% yield of isolated 9 from 4 was quite 
satisfactory considering the number of operations in this sequence and the transfor- 
mations accomplished. Note that a new carbon-carbon bond had been selectively 
formed and two similar secondary acetates had been differentiated in the process 
without resort to protection. 

The tandem-Claisen product 7 was formed readily at higher temperatures. 
Heating of 5 in toluene at reflux, followed by desilylation—methylation as described 
above, provided the diester 11 in 45% yield. It is noted that such tandem-Claisen 
products may be synthetically useful in their own right. 

We were most intrigued by this significant difference in rate between two 
apparently similar Claisen rearrangements. To determine the generality of the 
sequence outlined in the sequence 4 —11, the selective mono-Claisen rearrange- 
ment of related glycals was investigated. Initial attempts to doubly deprotonate 
3 ,4-di-O-acetyl-1,5-anhydro-2-deoxy-D-threo-pent-1-enitol (12), according to the 
procedure used for 4, met with disastrous results. Dropwise addition of 12 to 
lithium diisopropylamide at —78°, followed by quenching with tert-butylchlorodi- 
methylsilane, provided a mixture containing bis(ketenesilyl)acetal 13 (~25%), con- 
taminated with at least six or seven other products. Extensive variation of solvent, 
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temperature, silylating agent, base, or additive was not beneficial. At this time, our 
attention was directed to a report by Krizan and Martin” of the ortho-lithiation of 
benzonitrile with LDA in the presence of chlorotrimethylsilane. These results 
clearly demonstrated that quenching of LDA with the chloride was slower than 
deprotonation of relatively acidic protons by LDA. This technique has provided a 
general solution for the formation of [bis (and tris)ketene]silylacetals. Thus, drop- 
wise addition of a mixture of both fert-butylchlorodimethylsilane (2 equiv.) and 12 
(1 equiv.) to LDA (2 equiv.) at —78° in oxolane provided a near quantitative yield 
of bis(silyl)ated compound 13. In this manner, an ester enolate is trapped by silyla- 
tion immediately upon generation, and possible side-reactions are superseded. As 
described before, the major product (85-90%) was the bis(ketenesilyl)acetal and 
the minor products were believed to be mono-C-silylated ketenesilylacetals. All 
subsequently described bis(ketenesilyl)acetals were formed by this procedure. 
Several deprotonations entirely analogous to the method described above have 
been reported during the course of our work?!. It is clear that this is a valuable 
technique for rapid trapping of anions. 

With a procedure for bis(ketenesilyl)acetal formation in hand, a variety of 
Claisen substrates were prepared and rearranged. In each case, the mono-Claisen 
rearrangement products (14, 20, 26, and 32) were smoothly formed after 1-4 h at 
60-70° in benzene. After desilylation and methylation, the yields of purified 
monomethy]l ester acetates 15, 21, 27, and 33 ranged from 40 to 55% (overall yield 
from the starting glycal). Under these conditions, only trace amounts of the 
tandem-Claisen products (0-3%) could be isolated after methylation. Upon pro- 
longed heating at 60—70° (several days) or heating at higher temperatures (>100°), 
tandem-Claisen rearrangement products were formed in all cases (16, 22, 28, and 
34). As before, these products were characterized as the methyl esters 17, 23, 28, 
and 35, and the overall yields of purified compounds from the starting glycal are 
also indicated in the scheme of structures. The yields of tandem-Claisen rearrange- 
ment products were not optimized and, in several cases, the sluggish second rear- 
rangement was still incomplete when the reaction was stopped. 

The results demonstrate the generality of the mono-Claisen process. Sub- 
strates with different configurations and substitution patterns all rearranged 
smoothly. It is interesting to note that the mono-Claisen rearrangement of 30 pro- 
ceeded through a tris(ketenesilyl)acetal 31 to produce the ester diacetate 33. Over- 
all, this is a most valuable method for the direct stereocontrolled formation of 


C-glycosyl compounds from glycal acetates without protection of the hydroxy groups. 
A relative-rate study of the above-described rearrangements was undertaken 


to ascertain the magnitude of the rate difference between the first (k,) and second 
(k,) Claisen rearrangements. Product ratios were determined by integration of 
appropriate resonances in the 'H-n.m.r. spectra (C,;D,), and all rates were first 
order over several half-lives. The results are summarized in Table I. Also collected 
in Table I are the rates for several model systems, derived from, cyclohexenediol 
(36), dihydropyranol (37), and cyclohexenol (38). With the important exception of 
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TABLE I 


CLAISEN RATE MEASUREMENTS OF COMPOUNDS §, 13, 19, 25, 31, 37, 41, AND 44 


Compound K, (sec~') k, (sec~!) Temp. 
(x 10°) (x10-°) (degrees) 

25 70 

19 60 

3.5 60 

8.1 60 

7.1 60 

17 65 
. 60 
48 60 


“Not applicable, see text for explanation. 


the carbocyclic analog 36, the first Claisen rearrangement is 10—575 times faster 
than its partner. 

We have considered three possible origins for the intriguing selectivity of 
these apparently similar Claisen rearrangements. The origin of the general effect k, 
> k, can be (a) conformational, (b) steric, or (c) substituent-controlled (stereo- 
electronic). (Of course, combinations are possible.) The importance of conforma- 
tional effects is readily assessed (see Scheme 4). For proper orbital overlap in the 
Claisen rearrangement, the ketenesilylacetal C-O bond must attain an axial-like 
orientation. The L-arabinal derivative 4 is known to exist preponderantly in the 
°H,(L) conformation, despite the fact that the alternative *+H,(L) conformation has 
no 1,3-diaxial-like interaction??. The reasons for this will be addressed shortly. 
According to a 'H-n.m.r. coupling-constant analysis, bis(ketenesilyl)acetal 5 has a 
conformational preference similar to 4. Thus, the requisite C—O bond is preponder- 
antly axial, and a conformational problem is not encountered in the Claisen 
transition state proceeding to 6. While 6 must initially be formed in conformation 
6a, it rapidly flips into conformation 6b to minimize diaxial-like interactions. The 
magnitude of the vicinal and allylic coupling constants®'°> of H-1 and H-4 are 
particularly diagnostic in this and related cases (see Experimental section). Com- 
pound 6b is now in the conformation required for rearrangement and there is no 
inherent bias against the transition-state conformation of second Claisen rearrange- 
ment. Thus, the basic rate difference (k, > k,) is not explained by conformational 
considerations. 

However, the importance of conformational aspects cannot be overlooked. 
Consider a similar analysis of the D-glucal derivative 30 (see Scheme 5) which is 
known to exist as a mixture of 4H,(D) and °H,(D) conformers in solution. At first 
sight, the observation that these two conformers are comparable in energy may 
seem surprising. However, this will be rationalized by stereoelectronic considera- 
tions (vide infra). Again, we can propose that ketenesilylacetal 31 has a similar 
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conformational preference to 30. Assuming that transition-state conformational 
energies roughly parallel their ground-state precursors, rearrangement via the 
°H,(D) conformation of 31 should be reasonable. While the product is formed in 
conformation 32a, it rapidly flips to the conformation 32e to place all three sub- 
stituents in equatorial positions. In the case of the D-glucal derivative then, there is 
a conformational bias against the second rearrangement according to this analysis, 
which correlates ground-state, conformational-energy differences to transition- 
state energies. While this analysis explains why the L-rhamnal and D-glucal deriva- 
tives show k,/k, ratios much greater than those of the L-arabinal, D-xylal, or 
L-digitoxal derivatives, it is still not obvious why the underlying principle should 
operate. Specifically, why should 30 and 31 exist as an energetically comparable 
4H, = °H,(D) mixture, whereas 32 exists preferentially in the all equatorial confor- 
mation 32e? 

A steric rationale may also be put forward; perhaps the second Claisen rear- 
rangement is more hindered than the first owing to the neighboring acetic ester 
side-chain. Conformational analysis (see Schemes 4 and 5) indicated that this is not 
likely, since the equatorially oriented CH,CO,R group should provide little steric 
hindrance to an axially entering substituent. The models outlined in Scheme 6 
address this question. Assuming that this steric argument is correct, the carbocyclic 
analogs 37-39 might be expected to show a similar k, > k, preference to 5. In fact, 
k, is only marginally greater than k, (Table I). In another example, the rates of 
rearrangement of 41 and 44 should be similar based on both steric and conforma- 
tional arguments (41 and 44 have similar conformational preferences)*4; however, 
41 rearranges at a rate one order of magnitude faster than 44 (Table I). 

To summarize, the Claisen selectivity observed is not adequately explained 
by steric or conformational considerations. While configurations play only a minor 
role, conformations can be important. However, the observed conformational 
effects serve only to reinforce a “pre-existing” selectivity. A third obvious differ- 
ence between the two Claisen rearrangements is that resulting from a substituent. 
The compound subject to the first Claisen rearrangement always possesses an 
oxygen atom in the y-allylic position (C-6, see A in Scheme 7), whereas the com- 
pound subjected to the second Claisen rearrangement has a carbon atom in the 


is D ( 2 


o B 


Scheme 7 


*Both rearrangements are strongly accelerated by the Bu'Me,SiO-2 substituent’, and studies* in our 
laboratory have shown that the effect of O-6 is independent of substitution at C-2. 
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same position (B in Scheme 7). Clearly, the first Claisen rearrangement is acceler- 
ated by a substituent effect*. Thus, an electron-donating substituent in the y-allylic 
position (C-6) accelerates the Claisen rearrangement. In addition to the studies 
outlined herein, a variety of rearrangements in acyclic systems have confirmed the 
generality of this statement®>. The following section will provide a stereoelectronic 
rationale, termed the vinylogous anomeric effect, which allowed us to interpret 
both the known ground-state conformational preferences of sugar glycals and the 
origin of the accelerating effect of the electron donating oxygen atom on the Claisen 
rearrangement. 

The vinylogous anomeric effect. — The Carpenter model has been widely 
used to interpret and predict substituent effects on the Claisen rearrangement”. 
This treatment calculates the difference in Huckel z-electron energy between suit- 
able reactant and transition-state models. In the present model, an electron-donat- 
ing substituent in the y-allylic position is predicted to be decelerating. Since the 
basic premise of the Carpenter model seems reasonable, an overriding effect must 
be operating in this particular case. 


Anomeric effect 


OR 
=— 
> \ 


Allylic effect 


V | 
Scheme 8 np egeus 
anomeric effect 


We propose that the rate accelerating effect of a y-electron-donating sub- 
stituent is stereoelectronic in nature, and we introduce a rationale based on the 


— 


“vinylogous anomeric effect” (VAE)*’:* (see Scheme 8). The “anomeric effect” is 
well known as a guiding stereoelectronic principle in carbohydrate chemistry for 
interpretation of both ground-state conformational preferences, and reactivity”®’. 
In molecular orbital terms, an n — o* interaction is invoked. Alternatively, simple 
resonance theory permits interpretation of the anomeric effect via the standard 
“double-bond—no-bond” resonance picture. Similarly, the “allylic effect” has also 
been recognized as a useful principle in carbohydrate chemistry*’. A molecular 
orbital diagram for the VAE invoking 7 — o® stabilization may also be con- 


*The term “vinylogous anomeric effect” has been independently introduced, see ref. 27. 
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structed*'. The simple resonance picture is also useful for the present discussion. 
All three “effects” are obviously related and each may be considered as an example 
of a more fundamental stereoelectronic principle’’. Since an enol ether has a higher 
lying z-orbital (i.e., better donor) than a simple olefin, the VAE should be of 
larger magnitude than the allylic effect*'. 

Drawing an analogy of the anomeric and allylic effects, the VAE may be 
expected to have both conformational and chemical consequences**’. From a con- 
formational standpoint, an axial-like preference for a vinylogously anomeric C—X 
bond may be expected in order to provide optimum geometry for orbital inter- 
action. Spectroscopic evidence is in good accord with this proposal and such con- 
formational preferences have been previously recognized**-**.2’2. As an illustrative 
example, consider the ground state conformational preferences of 4 (Scheme 4) 
and 30 (Scheme 5). According to 'H-n.m.r. coupling-constant analysis, 4 prefers 
the °H,(L) conformation (having the vinylogously anomeric C-4—O bond axial-like 
and the C-5—O bond equatorial-like) over the 4H,(L) conformation (which reverses 
the configuration of these two substituents). While such a conformational prefer- 
ence may be attributed to A, , strain or decreased 1,3-diaxial-like interactions in 
dihydropyrans relative to pyrans, we feel that the VAE is likely the most important 
reason. While 30 has been shown to exist in the 4H,(D) conformation in the solid 
state*’, the 'H-n.m.r. spectrum for a solution is more consistent with an ~3:2 mix- 
ture of the 4H, and °H,(D) conformers. The energetic viability of the “all axial-like” 
°H,(D) conformer may again be attributed to the vinylogous anomeric effect. In- 
deed, all cationic reactions of 30, such as the Ferrier rearrangement*, must proceed 
via the °H,(D) conformation. The VAE principle is readily extended to interpret 
conformational preferences of other glycals and related enol ethers in solu- 
tion22:24.27.32. 

We turn now to the chemical consequences of the. VAE. At first glance, a 
y-allylic oxygen atom should retard the Claisen rearrangement, since the VAE pre- 
dicts a reduction in ground-state energy relative to an unsubstituted analog. This is 
not the case. Since the VAE is expected to stabilize the transition state more than 
the ground state, a net acceleration is anticipated. 

Based on elegant isotope effect studies, Gajewski and Conrad*, and 
McMichael and Korver*® have concluded that the aliphatic Claisen rearrangement 
has a transition state with a bond-breaking well advanced with respect to bond- 
making. Substituents that will facilitate bond-breaking by any means can then be 
expected to accelerate the Claisen rearrangement. According to the VAE, the 
C-3—O-4 bond is weakened relative to an unsubstituted counterpart, and its cleavage 
is stabilized in the transition state by the donation of electron density. Scheme 9 
presents a resonance picture of the transition state which emphasizes the importance 
of bond-breaking. This VAE bond-breaking interpretation stresses the importance 
of the dipolar resonance contributor (C) in this Claisen rearrangement and indeed 
predicts that a significant, substituent-induced solvent effect may be observed. Re- 
cently, we, and Carpenter et al.*’ have observed unprecedented solvent accelera- 
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Scheme 9 


tions of related Claisen rearrangements. Note then that, in line with the anomeric 
effect, the VAE may impart molecules with both an increased stability and in- 
creased reactivity. Furthermore, this kinetic accelerating effect of the VAE can be 
compared to the kinetic anomeric effect?* which is usually invoked for stepwise, 
ionic reactions. There is no reason why such effects should not operate in con- 
certed, nonsynchronous, pericyclic reactions such as the Claisen rearrangement. 

Finally, the VAE provides an explanation for the differences in relative rates 
(k,/k,) between the D-glucal 31 and the L-arabinal 5 experiments. In the first case, 
a much larger k,/k, ratio was observed. While a 1,3-diaxial-like interaction is pre- 
sent in both the ground and transition state of 31, this is largely offset by the VAE. 
However, the second Claisen rearrangement does not benefit from the VAE and 
32 suffers 1,3-diaxial-like interactions in both the ground and transition states. 
Thus, the transition-state energy of the second Claisen rearrangement is raised 
further relative to the first. 

Pseudomonic acid intermediates. — The controlled mono-Claisen rearrange- 
ment of 4 provides a direct method for introduction of the C-glycosyl chain of the 
pseudomonic acids. The remaining allylic acetate group must then serve as a handle 
for selective introduction of the second side-chain. Net retention of both regio- and 
stereo-selectivity of the allylic acetate 9 is required and, based on mechanistic con- 
siderations, a palladium-catalyzed nucleophilic displacement appeared to provide 
an ideal solution*®. Such reactions with stabilized carbon-nucleophiles are well 
known to occur with retention of configuration via a double-inversion mechanism. 
On the other hand, regioselectivity is not determined by the precursor allylic 
acetate group but by steric or electronic biases (or both) in the intermediate 7-allyl 
palladium complex. 

Addition of diethyl sodiomalonate to acetate 9 catalyzed by Pd(dppe), pro- 
vided essentially a single product which was readily identified as 48. The high 
degree of regiocontrol may be reasonably explained by approach of the malonate 
reagent to the allylic position remote from the existing side-chain in the inter- 
mediate z-allyl palladium complex 46. Catalytic osmylation*’ provided a single cis- 
diol 49 with the proper functional-group disposition for pseudomonic acid C. This 
diol was fully characterized by formation of both diacetate 50 and dibenzoate 51 
derivatives. 

The Pd(0) catalyzed displacement proved quite general. The related acetate 
compound 27 gave 52 as the sole isolated product in high yield. On the other hand, 
the pD-xylal derivative 15 provided a 2:1 mixture of the regioisomers 53 and 54. In 





D. P. CURRAN, Y.-G 


Co.Et 


CH; CO.Me,R = 


/ 


HR = CH>CO. Me 


pr CO.Me 


acon ea ek Sonn 


‘e 





MONO-CLAISEN REARRANGEMENT OF GLYCALS 177 


this case, the pendant C-2 side-chain is in position cis to the metal in the inter- 
mediate z-allyl palladium complex 47 and is not in a position to control the ap- 
proach of an incoming nucleophile. The aforementioned regiochemical preferences 
are in full accord with previous observations in Pd(0)-catalyzed displacements of 
carbohydrate-derived allylic acetate compounds”. 

To complete the approach to pseudomonic acid C, a suitable function group 
differentiation was then required. Unstable acid 10 was converted directly into the 
methyl ketone 55 via a reaction of the derived acid chloride with lithium dimethyl 
cuprate. Alternatively, a mixed-anhydride method was also employed*'. Pal- 
ladium(0) catalyzed coupling of 55 with ethyl phenylsulfonylacetate provided 56 as 
a 1:1 mixture of diastereomers. Direct sodium amalgam reduction*, of the mixture 
provided a single product 57 in high yield. The use of the more acidic additive 
sodium dihydrogenphosphate rather than the standard disodiumhydrogen phos- 
phate was essential in this reductive desulfonylation to prevent base-catalytic side 
reactions, including hydrolysis and transesterification. Standard catalyzed 
osmylation and protection of the resultant diol as the cyclohexylidene acetal pro- 
vided the ketoester 58. After standard olefination, the E-olefin 59 was isolated as 
the major product, along with the corresponding Z isomer (3:1 ratio). 

Finally, the two esters present in 59 were differentiated by reduction. Treat- 
ment of 59 with in situ generated lithium butyl(diisobutyl)aluminum hydride com- 
plex*’ (1.2 equiv.) provided a 1:1 mixture of 60 and 61 along with a small propor- 
tion of recovered 59; it should be noted that both products resulted from the reduc- 


tion of the saturated ethyl ester. Related selective reductions of saturated ketones 
in the presence of unsaturated ketones have previously been reported“. Alcohol 60 
and aldehyde 61 were readily separable, and 60 was readily oxidized to 61. Al- 
dehyde 61 is a key intermediate in both the original Kozikowski et al.® (racemic) 
and Fleet et al.'° (optically active) syntheses of pseudomonic acid C, and spectra 


CO.Et 
Oo 12) < -O 
10 ——m AcO ——i _ » ee 
~ 


55 
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obtained from 61 compared favorably with authentic spectra kindly provided by 
the aforementioned authors. 

For completion of the synthesis of 1, a short sequence of olefination, ester 
interchange, and deprotection was required. In comparison to other syntheses, this 
approach is most direct and efficient. Only nine steps were required for the conver- 
sion of 4 into the highly functionalized aldehyde 61, which means that a twelve-step, 
formal, total synthesis of pseudomonic acid C is at hand. Although we have not 
investigated further modifications, further abbreviation of the sequence of reactions 
is possible. Ester interchange may be omitted by use of the appropriate phospho- 
nate in the olefination reaction'*:'>, and use of a more functionalized intermediate 
in the palladium(0)-catalyzed alkylation might provide a more convergent approach 
to side-chain introduction. The latter modification might indeed be attractive owing 
to problems inherent*:!*—'> in the olefination of 61. Finally, a highly functionalized 
intermediate 63 for the synthesis of pseudomonic acid A analogs is readily available 
from 55. Hydroxylation and protection of 55 provided 62. Subsequent olefination, 
acetate cleavage, and oxidation gave'® 63 in short order. 


In conclusion, the mono-Claisen rearrangement of carbohydrate glycals pro- 
vides a facile and selective access to functionalized C-glycosyl compounds. When 
coupled with Pd(0)-catalyzed allylic alkylation, it results in a versatile route to the 
pseudomonic acid class of antibiotics. Perhaps more importantly, consideration of 
the selectivity observed in the sequential Claisen rearrangements has led to the 
introduction of the general principle of the vinylogous anomeric effect. It is ex- 
pected that this principle will prove useful in the prediction and understanding of 
both the conformations and reactivity of carbohydrate glycals and related com- 
pounds. 


EXPERIMENTAL 


General methods. — Melting points and boiling points are uncorrected. Re- 
ported temperatures for Kugelrohr distillation refer to the temperature of the oven 
and are not true boiling points. Analytical t.l.c. was performed on Merck Silica Gel 
60 F-254. Flash and medium-pressure column chromatography was performed on 
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Silica Gel 60 (230-400 mesh, ASTM). Preparative chromatography was also per- 
formed on a Waters Prep LC/system 500A HPLC using Prep PAK-500 silica gel 
cartridges. All reactions were performed under an N, atmosphere unless otherwise 
indicated. Oxolane, ethylene glycol dimethyl ether (DME), diethyl ether, and 
benzene were distilled from Na and benzophenone immediately before use. 
N,N,N’ ,N',N",N"-Hexamethylphosphoramide (HMPA), diisopropylamine, tri- 
ethylamine, acetonitrile, and dichloromethane were distilled from CaH,. 

cis-[ (3,4- Dihydro-2H-pyran-3,4-diyl) bis(oxyethenylideneoxy) |bis|1,1-dimeth- 
ylethyl)dimethylsilane|. (5). — A stirred solution of diisopropylamine (925 wL, 6.6 
mmol) in oxolane (4 mL) was cooled to 0° and treated with butyllithium (3.7 mL, 
6.3 mmol, 1.7M in hexane) over several minutes. After being stirred for 10 min, the 
solution was cooled to —78° and 1,5-anhydro-2-deoxy-L-erythro-pent-1-enitol!? (4) 
(600 mg, 3.0 mmol) in oxolane (4 mL) was added dropwise over 2-3 min. After 15 
min, tert-butylchlorodimethylsilane (995 mg, 6.6 mmol) in HMPA (4 mL) was 
added. The resulting solution was stirred for an additional 1.5 h and poured into 
cold water—pentane. The pentane extract was washed with cold water and NaCl 
solutions, and dried (MgSO,). Evaporation under reduced pressure gave 5 (1.28 g, 
100%), yellow viscous liquid; 'H-n.m.r. (C,D,): 6 6.15 (d, 1 H, J 6 Hz, H-2), 4.83 
(dd, 1 H, J 6, 4 Hz, H-3), 4.43 (m, 1 H, H-4), 4.17 (dt, 1 H, J 9, 4 Hz, H-5), 4.08 
(t, 1 H, J 9 Hz, H-6a), 3.83 (ddd, 1 H, J 9, 4, and 1 Hz, H-6e), 3.56 (d, 1 H, J 4 
Hz, =CH,), 3.50 (d, 1 H, J 4 Hz, =CH,), 3.27 (d, 1 H, J 4 Hz, =CH,), 3.32 (d, 1 
H, J 4 Hz, =CH,), 0.98 (s, 9 H, SiC,H,), 0.96 (s, 9 H, SiC,Hy), 0.27 (s, 3 H, 
SiCH,), 0.25 (s, 3 H, SiCH,), 0.23 (s, 3 H, SiCH;), and 0.21 (s, 3 H, SiCH;). 

Methyl (2R-cis)-5-acetoxy-5,6-dihydro-2H-pyran-2-acetate (9). — Ketenesily] 
acetal § (531 mg, 1.24 mmol) was dissolved in chloroform (3 mL) and stirred for 6 
h at 60°. After concentration, the residue was dissolved in HMPA (2 mL) and 
stirred for 12 h with water (130 wL, 7.4 mmol), KF (432 mg, 7.4 mmol), and 
KHCO, (745 mg, 7.4 mmol). Methyl iodide (1.23 mL) was added and the mixture 
stirred for an additional 12 h. Extraction with ether, followed by chromatography 
(1:3 ethyl acetate—hexane) afforded 9 (130 mg, 49%), clear oil; [a]f° —146° (c 
0.92, chloroform); vo#Cs 3000, 1730, 1430, 1370, 1200, 1040, and 740 cm™~!; 'H- 
n.m.r. (CDCI,): 6 6.02 (m, 2 H, H-3,4), 5.00 (m, 1 H, H-5), 4.49 (m, 1 H, H-2), 
4.06 (d, 1 H, J 12 Hz, H-6e), 3.80 (dd, 1 H, J 12, 4 Hz, H-6a), 3.74 (s, 3 H, OCH;), 
2.68 (dd, 1 H, J 15, 7 Hz, CH,CO,), 2.55 (dd, 1 H, J 15, 5 Hz, CH,CO,), and 2.11 
(s, 3 H, OCOCH,); m.s.: m/z 196, 184, 154, 142, and 141. 

Anal. Calc. for C,>H,,0,: C, 56.07; H, 6.59. Found: C, 55.94; H, 6.40. 

(2R-cis)-5-Acetoxy-5,6-dihydro-2H-pyran-2-acetic acid (10). — Compound 4 
(2.21 g,.11.0 mmol) was converted into the bis(ketenesilyl)acetal 5 as described 
above. This was dissolved in chloroform (40 mL) and stirred for 6 h at 60°. After 
evaporation of the chloroform solution, the residue was dissolved in acetonitrile 
(20 mL), and KF (3.84 g, 66 mmol), water (1.2 mL, 66 mmol), and KHCO, (6.61 
g, 66 mmol) were added. The mixture was stirred for 15 h at 25° and poured into 
water (150 mL). The aqueous solution was washed with ether, acidified to pH 3 





180 D. P. CURRAN, Y.-G. SUH 


with 6M HCI saturated with NaCl, and extracted with ethyl acetate. The extract was 
washed with NaCl solution, dried (MgSO,), and evaporated to give 10 (1.41 g, 
64.2%), thick oil, which was used for the next step without further purification. It 
crystallized upon standing, m.p. 68-70°; vSH@s 3600-2300, 1710, 1370, 1200, 1080, 
1040, 960, and 710 cm~!; 'H-n.m.r. (CDCI,): 6 6.02 (br. s, 2H, H-2,3), 5.02 (br. s, 
1 H, H-2), 4.47 (m, 1 H, H-5), 4.10 (d, 1 H, J 12.9 Hz, H-6e), 3.82 (dd, 1 H, J 12.9, 
2.8 Hz, H-6a), 2.71 (dd, 1 H, J 16, 8.3 Hz, CH,CO,), and 2.63 (dd, 1 H, J 16, 5.7 
Hz, CH,CO,). 

(18,6S)2, 7-Dioxabicyclo|4,3,5|non-4-en-8-one'' (8). — Acid 10 (980 mg, 4.89 
mmol) resolidified after being kept for three days at 25°. Flash-column chromatog- 
raphy of the resulting black solid on silica gel with 1:1 ethyl acetate—hexane af- 
forded 8 (200 mg, 43.9%), white crystalline solid; m.p. 88-90°; vOHCs 3020, 1770, 
1340, 1260-1160, 1100, 1050, 990, and 720 cm~!; 'H-n.m.r. (CDCI,): 6 6.28 (ddq, 
1 H, J 11.5, 4.60, 1.1 Hz, H-5), 6.10 (m, 1 H, H-4), 4.56 (m, 1 H, H-3), 4.28 (dd, 
1 H, J 4.6, 3.5 Hz, H-6a), 4.22 (ddd, 1 H, J 18.4, 4.6, 2.3 Hz, H-6b), 4.1 (ddd, 1 
H, J 18.4, 4.6, 2.3 Hz, H-6a), 2.84 (dd, 1 H, J 18.4, 4.6 Hz, H-7a), and 2.64 (d, 1 
H, J 18.4 Hz, H-7b); m.s. m/z 140 (M*), 96, 84, and 70; lit.'' (racemic) m.p. 71-72°. 

Dimethyl (5R-cis)-5,6-dihydro-2H-pyran-5,6-bisacetate (11). — Compound 
5 was heated at reflux in toluene (16 h), and then methylated as described for 
9. Purification by flash chromatography (1:4 ethyl acetate—hexane) gave 11; 
vONCls 3000, 2900, 1720, 1440, 1300-1160, 1080, and 990 cm~'; 'H-n.m.r. (CDCI,): 
5 5.92-5.83 (m, 1 H, H-5), 5.73 (br. d, 1 H, J 12 Hz, H-4), 4.25-4.11 (m, 3 H, 
H-2,6e,6a), 3.71 (s, 3 H, OCH), 3.70 (s, 3 H, OCH, and 2.62-2.31 (m, 5 H, 2 
CH,CO,, H-2); m.s.: m/z 228 (M*), 196, 169, 154, 108, and 98; m.s. calc. for 
C,,H,,O;, 228.0998; found, 228.0990. 

Anal. Calc. for C,,H,,<O;: C, 57.88; H, 7.07. Found: C, 58.01; H, 7.02. 

3,4-Di-O-acetyl-1,5-anhydro-2,6-dideoxy-L-ribo-1]-enitol (24). — To a stirred 
solution of 1,5-anhydro-2,6-dideoxy-L-arabino-hex-1l-enitol*® (18; 1.42 g, 10.9 
mmol) in chloroform (25 mL) was added MnO, (10.9 g). After stirring for 36 h at 
25°, the mixture was filtered and the filter cake washed with chloroform. Concen- 
tration of the organic layer, followed by flash-column chromatography (2:1 ethyl 
acetate-hexane) gave 1,5-anhydro-2,6-dideoxy-L-erythro-hex-1-en-3-ulose* (807 
mg, 58%), white crystals, m.p. 92.5—93°, lit.4° (for enantiomer) 87°; 'H-n.m.r. 
(CDCI,): 67.38 (d, 1 H, J 5.7 Hz), 5.45 (d, 1 H, J 5.7 Hz), 4.19 (m, 1 H), 3.96 (dd, 
1H, J 12.9, 1.8 Hz), 3.5 (d, 1 H, J 1.8 Hz), and 1.57 (d, 3 H, J 6.0 Hz). 

To a warmed solution of lithium tri(tert-butoxy)aluminium hydride (45.4 mg, 
0.18 mmol) in oxolane at 60° was added the aforementioned enone (17.6 mg, 0.14 
mmol) in oxolane (1 mL). The mixture was heated for 2 h, cooled, and extracted 
with ether, followed by concentration of the ethereal solution to give 1,5-anhydro- 
2,6-dideoxy-L-ribo-1-enitol (13.6 mg) as a yellow liquid. Flash column chromatog- 
raphy of the residue (1:2 ethyl acetate—hexane) afforded the pure diol (6.2 mg, 
34%), white solid, m.p. 116°, lit.4° (for enantiomer) m.p. 115.3°, [a]é°> —335° (c 
0.185, methanol), lit.4° (for enantiomer) +314° (c 1.03, methanol); 'H-n.m.r. 
(CDCI,): 6 6.43 (d, 1 H, J 5.9 Hz), 4.95 (t, 1 H, J 5.4 Hz), 4.09 (m, 1 H), 3.80 (m, 
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1 H), 3.48 (td, 1 H, J 9.3, 4.3 Hz), 2.53 (d, 1 H, J 9.3 Hz), 1.79 (d, 1 H, J 6.1 Hz), 
and 1.39 (d, 3 H, J 3.6 Hz). 

Standard acetylation with acetic anhydride and pyridine of the just described 
compound (14.8 mg, 0.11 mmol) gave 24 (23.1 mg, 98%), white crystals, m.p. 
52-53°, lit.4” (for enantiomer) m.p. 51.5°; 'H-n.m.r. (CDCI,): 6 6.49 (d, 1 H, J 5.9 
Hz), 5.40 (dd, 1 H, J 5.7, 4.0 Hz), 4.86 (m, 2 H), 4.17 (m, 1 H), 2.07 (s, 3 H), 2.05 
(s, 3 H), and 1.29 (d, 3 H, J 6.3 Hz). 

Standard preparation of ketenesilyl acetals from acetates. — trans-|(3,4-Di- 
hydro-2H-pyran-3,4-diyl) bis(oxyethenylideneoxy) |bis[(1,1-dimethylethyl)dimethyl- 
silane| (13). A solution of diisopropylamine (1.6 mL, 11.6 mmol) in oxolane (20 
mL) was cooled to 0° and treated with butyllithium (6.9 mL, 11.1 mmol, 1.6M in 
hexane) over several min. After the mixture had been stirred for an additional 10 
min, it was cooled to —78° and a mixture of 3,4-di-O-acetyl-1,5-anhydro-2-deoxy- 
D-threo-pent-1-enitol*’ (12) (1.06 g, 5.29 mmol) and fert-butylchlorodimethylsilane 
(1.75 g, 11.6 mmol) in HMPA (10 mL) was added. Completion of this experiment 
as described for 4 gave 13 (2.17 g, 95.7%), clear oil; 'H-n.m.r. (CDCI,): 6 6.33 (d, 
1 H, J 7 Hz), 4.9-4.85 (m, 1 H), 4.52-4.46 (m, 1 H), 4.22 (m, 1 H), 4.03 (m, 1 H), 
3.80 (m, 1 H), 3.56 (d, 1 H, J 2.5 Hz), 3.54 (d, 1 H, J 2.5 Hz), 3.40 (d, 1 H, J 4 
Hz), 3.30 (d, 1 H, J 4 Hz), 0.97 (s, 9 H), 0.96 (s, 9 H), 0.17 (s, 6 H), and 0.15 (s, 
6 H). 

General Claisen rearrangement of ketenesilyl acetals (‘H-n.m.r. study). — 
Ketenesilyl acetal (~10 mg; 0.5 mL) in an appropriate solvent (C,D, or CDCI,) 
was placed in an n.m.r. tube under N, and then heated in an oil bath at the desired 
temperature. After an appropriate time-period, the solution was cooled to room 
temperature. The regions of peaks typical of ketenesilyl acetals and silyl esters 
(rearranged product) were scanned by 'H-n.m.r. spectroscopy and integrated. 

Methyl (2R,5S)-5-acetoxy-5,6-dihydro-2H-pyran-2-acetate (15). — Ketenesilyl 
acetal 13 was heated for 1 h at 65°, followed by standard methylation as described 
above, to give 15 (59%), clear oil, [a]f° +114° (c 1.22, chloroform); vos —- 3000, 
1750, 1430, 1360, 1200, 1160, 1090, 1040, 990, 950, 920, and 710 cm~'!; 'H-n.m.r. 
(CDCI,): 65.95 (m, 2 H, H-3,4), 5.21 (m, 1 H, H-5), 4.61 (m, 1 H, H-2), 4.07 (dd, 
1H, J 11.7, 4.9 Hz, H-6), 3.71 (s, 3 H, OCH,), 3.58 (dd, 1 H, J 11.7, 6.2 Hz, H-6), 

6 Hz, CH,COQO,), 
and 2.06 (s, 3 H, COCH,); m.s.: m/z 184, 154, and 141; m.s. calc. for CjH;,O, (M 
— CH,O), 184.0736; found, 184.0736. 

Dimethyl (58,6R)-5,6-dihydro-2H-pyran-5,6-bisacetate (17). — Prepared 
in benzene for 2 days at 65° (yield 20%), [a]§° —107° (c 0.275, chloroform); 
yCHCls 2950, 2840, 1730, 1440, 1360, 1280-1200, 1160, 1120, 1080, and 1020 cm~!; 
'H-n.m.r. (CDCI,): 6 5.78 (dq, 1 H, J 10.3, 2.2 Hz, H-4 or -5), 5.70 (dq, 1 H, J 
10.3, 2.5 Hz, H-4 or -5), 4.14 (m, 2 H, H-6a,6e), 3.83 (q, 1 H, J 7 Hz, H-2), 3.71 
(s, 3 H, OCH,), 3.69 (s, 3 H, OCH,), 2.58 (d, 2 H, J 6.5 Hz, CH,CO,), 2.56 (m, 1 
H, H-3), 2.44 (dd, 1 H, J 1 6 Hz, CH,CO,), and 2.27 (dd, 1 H, J 15.5, 8.3 
Hz, CH,CO,); m.s. calc. for C,,H,,O;, 228.0998; found, 228.0998. 
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Methyl (2S,5R,6S)-5-acetoxy-6-methyl-5,6-anhydro-2H-pyran-2-acetate (21). 
— Prepared in benzene for 1 h at 60° (yield 53%), [a]§° —136.5° (c 1.085, chloro- 
form); vOHCs 2930, 2800, 1730, 1430, 1370, 1275, 1200, 1130, 1100, 1070, 1040, 
1020, and 920 cm~!; 'H-n.m.r. (CDCI,): 6 5.82 (dt, 1 H, J 10.3, 1.4 Hz, H-3), 5.72 
(dt, 1 H, J 10.3, 1.8 Hz, H-4), 5.02 (m, 1 H, H-5), 4.57 (m, 1 H, H-2), 3.62 (s, 3 
H, OCH,), 3.62 (m, 1 H, H-6), 2.57 (dd, 1 H, J 15.5, 7.6 Hz, CH,CO,), 2.46 (dd, 
1 H, J 15.6, 6.3 Hz, CH,CO,), 2.07 (s, 3 H, OCOCH;,), and 1.22 (d, 3 H, J 6.1 Hz, 
CH,). 

Anal. Calc. for C,,H,,O;: C, 57.89; H, 7.07. Found: C, 57.65; H, 7.13. 

Dimethyl (28,5R,6S)-2-methyl-5,6-dihydro-2H-pyran-5,6-bisacetate (23). — 
Prepared in benzene for 6 days at 60° (yield 29%), [a]%° +107.5° (c 0.73, chloro- 
form); vCHCs 3000, 2950, 1740, 1430, 1200, 1160, 1150, and 990 cm~!; 'H-n.m.r. 
(CDCI,): 65.65 (m, 1 H, H-4 or -5), 5.62 (m, 1 H, H-4 or -5), 4.21 (m, 1 H, H-6), 
3.75 (dd, 1 H, J 8.0, 3.5 Hz, H-2), 3.70 (s, 3 H, OCH,), 3.69 (s, 3 H, OCH), 2.59 
(dd, 1 H, J 15.5, 3.5 Hz, CH,CO,), 2.55 (m, 1 H, H-3), 2.50 (dd, 1 H, J 11.5, 8.7 
Hz, CH,CO,), 2.36 (dd, 1 H, J 15.6, 4.7 Hz, CH,CO,), 2.16 (dd, 1 H, J 15.6, 9.1 
Hz, CH,CO,), and 1.18 (d, 3 H, J 6.8 Hz, CH;). 

Anal. Calc. for C,,H,,0;: C, 59.49; H, 7.49. Found: C, 59.29; H, 7.29. 

Methyl (2R,5R,6S)-5-acetoxy-6-methyl-5,6-dihydro-2H-pyran-2-acetate (27). 
— Prepared in benzene for 2 h at 60° (yield 40%), [a]%° —127.5S° (c 0.765, chloro- 
form); vS#Cs 3000, 1740, 1650, 1380, 1240, 1110, 1080, 1020, 930, and 900 cm~!; 
'H-n.m.r. (CDCI,): 65.93 (br. d, 1 H, J 10.3 Hz, H-3 or -4), 5.81 (br. d, 1 H, J 10.3 
Hz, H-3 or -4), 4.90 (s, 1 H, H-5), 4.64 (m, 1 H, H-2), 3.87 (m, 1 H, H-6), 3.72 (s, 
3 H, OCH,), 2.70 (dd, 1 H, J 15.3, 8.4 Hz, CH,CO,), 2.53 (dd, 1 H, J 15.3, 5.7 Hz, 
CH,CO,), 2.08 (s, 3 H, OCOCH,), and 1.23 (d, 3 H, J 6.5 Hz, CH,); m.s. calc. for 
C,yH,,0O, (M — CH,CHQO), 184.0736; found, 184.0736. 

Dimethyl (2R,5R,6S)-2-methyl-5,6-dihydro-2H-pyran-5,6-bisacetate (29). — 
Prepared in benzene for 48 h at 60° (yield 9%), [a]g° +220° (c 0.13, chloroform); 
yCHCh 2950, 1730, 1440, 1370, 1300-1160, 1050, and 1000 cm~!; 'H-n.m.r. (CDCI,): 
6 5.83 (ddd, 1 H, J 10.1, 5.2, 2.2 Hz, H-4 or -5), 5.69 (dd, 1 H, J 10.3, 2.5 Hz, H-5 
or -4), 4.33-4.28 (m, 2 H, H-2,6), 3.70 (s, 3 H, OCH;), 3.68 (s, 3.H, OCH), 
2.56-2.45 (m, 2 H, H-3, CH,CO,), 2.43 (dd, 1 H, J 6.0, 3.6 Hz, CH,CO,), 2.40 
(dd, 1 H, J 12.8, 2.0 Hz, CH,CO,), 2.30 (dd, 1 H, J 15.4, 8.3 Hz, CH,CO,), and 
1.22 (d, 3 H, J 6.9 Hz, CH,); m.s. calc. for C,,H,.0;, 242.1154; found, 242.1155. 

Methyl (2R,5S,6R)-5-acetoxy-6-(acetyloxymethyl)-5,6-dihydro-2H-pyran-2- 
acetate (33). — Prepared in benzene for 1.5 h at 60° (yield 55%), [a]f° +113° (c 
0.75, chloroform); vO#Cs 3000, 1740, 1470, 1390, 1230, 1150, and 1080 cm~!; 'H- 
n.m.r. (CDCI,): 6 5.88 (d, 1 H, J 10.3 Hz, H-3 or -4), 5.76 (d, 1 H, J 10.3 Hz, 
H-3,4), 5.26 (dm, 1 H, J 7.8 Hz, H-5), 4.62 (m, 1 H, H-2), 4.18 (m, 2H, CH,OAc), 
3.72 (m, 1 H, H-6), 3.70 (s, 3 H, OCH), 2.63 (dd, 1 H, J 15.5, 7.0 Hz, CH,CO,), 
2.48 (dd, 1 H, J 15.57 Hz, CH,CO,), 2.08 (s, 3 H, OCOCH;), and 2.07 (s, 3 H, 
OCOCH,); m.s.: m/z 226, 213, 184, and 142; m.s. calc. for C,,H,,O; (M — 
AcOH), 226.0841; found, 226,0841. 
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Anal. Calc. for C,;H;,O5: C, 54.45; H, 6.34. Found: C, 54.26; H, 6.23. 

Dimethyl (2S,5S,6R)-2-(acetoxymethyl)-5,6-dihydro-2H-pyran-5,6-bisacetate 
(35). — Prepared in benzene for 4 d at 60° (yield 13%), [a]é° —106.5° (c 0.555, 
chloroform); vC#Cs 3000, 1760, 1430, 1370, 1200, and 980 cm~!; 'H-n.m.r. (CDCI,): 
5 5.77 (br. d, 1 H, J 10.4 Hz, H-4 or -5), 5.67 (br. d, 1 H, J 10.4 Hz, H-4 or -5), 
4.33 (m, 1 H, H-6), 4.07 (m, 1 H, CH,OAc), 3.77 (td, 1 H, J 8.5, 3.7 Hz, H-2), 
3.69 (s, 3 H, OCH,), 3.68 (s, 3 H, OCH), 2.63 (m, 2 H, CH,CO,, H-3), 2.53 (dd, 
1H, J 16.3, 9.1 Hz, CH,CO,), 2.37 (dd, 1 H, J 15.9, 4.8 Hz, CH,CO,), 2.18 (dd, 
1H, J 15.9, 4.8 Hz, CH,CO,), and 2.05 (s, 3 H, QCOCH,); m.s.: m/z 269, 240, 
227, 167, and 153; m.s. calc. for C,,H,,O, (M — OCH,), 269.1205; found, 
269.1204. 

Anal. Calc. for C,4Hj)907: C, 56.00; H, 6.71; Found: C, 55.91; H, 6.86. 

Methyl cis-4-acetoxy-2-cyclohexene-1-acetate. — Prepared in benzene for 18h 
at 60° and purified by chromatography in 1:3 ethyl acetate—hexane. This monoester 
was isolated from a mixture of 38 and 39 by the methylation procedure described 
for 9 (yield 25%); voHCs 3000, 2940, 1720, 1500, 1430, 1370, 1220, 1000, and 700 
cm~!; 'H-n.m.r. (CDCI,): 6 5.85 (dd, 1 H, J 10, 1 Hz), 5.78 (m, 1 H), 5.22 (m, 1 
H), 3.71 (s, 3 H), 2.58 (m, 1 H), 2.41 (dd, 1 H, J 15, 6 Hz), 2.34 (dd, 1 H, J 15,7 
Hz), 2.34 (dd, 1 H, J 15, 7 Hz), 2.06 (s, 3 H), and 1.9-1.7 (m, 4 H); m.s.: m/z 170 
(M+), 153, 152, 139, and 96; m.s. calc. for C,H,,0;, 170.0943; found, 170.0943. 

Dimethyl cis-3-cyclohexene-1,2-diacetate. — This diester was isolated from a 
mixture of 38 and 39 by the methylation procedure described for 9 (yield 10%): 
vCHCs 2925. 1730, 1435, 1300-1160, 1000, and 700 cm~!; 'H-n.m.r. (CDCI,):5 5.17 
(m, 1 H), 5.56 (m, 1 H), 4.69 (s, 3 H), 4.68 (s, 3 H), 2.77 (m, 1 H), 2.42.14 (m, 6 
H), 2.06 (m, 1 H), and 1.70-1.4 (m, 2 H); m.s.: m/z 226 (M*), 195, 194, and 152; 
m.s. calc. for C,,H,.0,, 226.1205; found, 226.1205. 

Methyl 5,6-dihydro-2H-pyran-2-acetate. — Prepared in chloroform for 30 min 
at 60° (yield 60.3%), vO#Cs 3000-2850, 1730, 1430, 1360, 1280-1160, 1080, 990, and 
700 cm~!; 'H-n.m.r. (CDCI,): 65.9 (m, 1 H), 5.66 (ddd, 1 H, J 10, 5, 2.5 Hz), 4.56 
(m, 1 H), 3.96 (m, 1 H), 3.70 (s, 3 H), 3.71-3.65 (m, 1 H), 2.59 (dd, 1 H, J 15.8, 
7.5 Hz), 2.48 (dd, 1 H, J 15, 5 Hz), 2.35-2.16 (m, 1 H), and 1.96 (d, 1 H, J 15 Hz); 
m.s.: m/z 156 (M*), 124, 96, 83, 82, 58 and 43; m.s. calc. for CgH,,O,, 156.0786; 
found, 156.0784. 

Anal. Calc. for C,H,,0,: C, 61.52; H, 7.74. Found: C, 61.29; H, 7.72. 

Methyl (2R,5S)-5-[bis(ethoxycarbonyl)methyl|-5,6-dihydro-2H-pyran-2-acet- 
ate (48). — Prepared from 9 (68 mg) by the procedure described for 56 and purified 
by l.c. (1:4 ethyl acetate—hexane) to give 133 mg (96%), clear oil, [a]j° —115° (c 
0.480, chloroform); vCHC 3000, 1730, 1440, 1380, 1300, 1180, 1100, and 1040 cm~'; 
'H-n.m.r. (CDCI,): 6 5.86 (ddt, 1 H, J 10, 5, 1.5 Hz, H-4), 5.78 (dt, 1 H, J 10, 1 
Hz, H-3), 4.53 (m, 1 H, H-2), 4.2 (m, 4 H, CO,CH.,), 3.89 (dt, 1 H, J 12, 1.5 Hz, 
H-6e), 3.77 (dd, 1 H, J 12, 4 Hz, H-6a), 3.72 (s, 3 H, OCH,), 3.55 [d, 1 H, J 10 Hz, 
CH(CO.Et),], 2.78 (m, 1 H, H-5), 2.56 (dd, 1 H, J 15, 8 Hz, CH,CO,), 2.48 (dd, 
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1 H, J 15, 5 Hz, CH,CO,), and 1.3 (overlapping t, 6 H, 2 CO,CH,CH;); m.s.: m/z 
283, 251, and 154; m.s. calc. for C,,H,,O,(M — OEt), 269.1025; found, 269.1025. 

Anal. Calc. for C,;H,,0,: C, 57.35; H, 7.06. Found: C, 57.15; H, 7.01. 

Methyl 2S, 3R,4R,5S)-5-[bis(ethoxycarbonyl)methyl]-3,4-dihydroxytetra- 
hydropyran-2-acetate (49). — This compound was prepared, by the procedure 
described for 57, from 48 (60 mg, 0.19 mmol) to give 65.5 mg (99%), clear oil, [a]j° 
—15.8° (c 0.576, chloroform); vOH#Cs 3550, 3000, 1740, 1480, 1450, 1380, 1310, 1250, 
1190. 1110, 1070, 1030, and 860 cm~!; 'H-n.m.r. (CDCI): 64.2 (m, 2 H), 4.0-3.85 
(m, 2 H), 3.71 (s, 3 H), 3.60 (m, 2 H), 3.02 (m, 2 H), 2.81 (dd, 1 H, J 16, 4 Hz), 
2.62 (d, 1 H, J 12 Hz), 2.54 (dd, 1 H, J 14, 8 Hz), and 1.27 (q, 6 H, J 8 Hz); m:s.: 
m/z 330, 317, and 161; m.s. calc. for C,;H,,O, (M — H,O), 330.1315; found, 
330.1315. 

Methyl (2S,3R,4R,5S)-3,4-diacetoxy-5-|bis(ethoxycarbonyl)methyl]tetrahy- 
dropyran-2-acetate (50). —[a]Z° —14.8° (c 0.426, chloroform); vSH®s 1735 cm™~!; 
'H-n.m.r. (CDCI): 65.31 (br. t, 1 H, J/3 Hz, H-4), 4.86 (dd, 1 H, J 10, 7 Hz, H-3), 
4.44.2 (m, 4 H, CO,CH,), 3.98 (dd, 1 H, J 12.6, 3 Hz, H-6e), 3.77 [d, 1 H, J 11.1 
Hz, CH(CO,Et),], 3.75 (d, 1 H, J 12.6 Hz, H-6a), 3.72 (s, 3 H, OCH;), 2.62 (br. 
d, 1 H, H-5), 2.55 (dd, 1 H, J 16, 9 Hz, CH,CO,), 2.47 (dd, 1 H, J 16, 3.7 Hz, 
CH,CO,), 2.12 (s, 3 H, OCOCH,), 1.98 (s, 3 H, OCOCH;), 1.34 (t, 3 H, 
CO,CH,CH,), and 1.28 (t, 3 H, CO,CH,CH;); m.s.: m/z 433 (M + H) and 387; 
m.s. calc. for C,,H,,;O,. (M — OCH,), 401.1448; found, 401.1448. 

Anal. Calc. for C,gH,.0,,: C, 52.78; H, 6.52. Found: C, 52.61; H, 6.33. 

Methyl (2S8,3R,4R,5S)-3,4-dibenzoyloxy-5-| bis(ethoxycarbonyl)methyl|tetra- 
hydrepyran-2-acetate (51). — voB#Cs 1735 cm~'!; 'H-n.m.r. (CDCI,): 6 8.03 (dd, 2 
H, J 8, 2 Hz), 7.85 (dd, 2 H), 7.6-7.2 (m, 6 H), 5.68 (br. t, 1 H, J 3.0 Hz), 5.22 
(dd, 1 H, J 9.8, 3.1 Hz), 4.47 (ddd, 1 H, J 9.8, 8.1, 5.0 Hz), 4.35 (m, 2 H), 4.22 (m, 
2 H), 4.19 (dd, 1 H, J 12, 3 Hz), 3.93 (d, 1 H, J 10.9 Hz), 3.88 (dt, 1 H, J 12, 1 Hz), 
3.65 (s, 3 H), 2.87 (br. d, 1 H, J 10.9 Hz), 2.64 (dd, 1 H, J 15.3, 5 Hz), 2.61 (dd, J 
15.3, 8.1 Hz), 2.37 (t, 3 H), and 1.29 (t, 3 H); m.s.: m/z 511, 319, and 274; ms. 
calc. for C,gH50;, (M — OCH,), 525.1759; found, 525.1761. 

Methyl (2R,4R)-5-[bis(ethoxycarbonyl)methyl|-5,6-dihydro-2H-pyran-2-ace- 
tate (53). — By the procedure described for 56, 33 (9.4 mg) gave a 9:5 mixture of 
53 and regioisomer 54 (5.7 mg, 42%). Flash-column chromatography of the mixture 
on silica gel with 1:2 ethyl acetate—hexane gave pure 53 (3.9 mg, 29%), clear oil; 
yCHCl, 2980, 1720, 1440, 1370, 1330, 1300-1160, 1020, and 850 cm~'; 'H-n.m.r. 
(C.D,): 6 5.90 (dt, 1 H, J 12, 2.5 Hz, H-3 or -4), 5.50 (dt, 1 H, J 12, 2 Hz, H-3 or 
-4), 4.56 (m, 1 H, H-2), 4.0-3.8 (m, 5 H, CO,CH,, H-6), 3.57 (dd, 1 H, J 12, 7 Hz, 
H-6), 3.32 [d, 1 H, J 7.5 Hz, CH(CO,Et),], 3.30 (s, 3 H, OCH;), 3.14 (m, 1 H, 
H-5), 2.49 (dd, 1 H, J 18, 12 Hz, CH,CO,), 2.14 (dd, 1 H, J 18, 6 Hz, CH,CQ,), 
and 0.94-0.97 (m, 6 H, 2 CO,CH,CH;). 

Isomer 54 could not be isolated in pure form. The following peaks were as- 
signed from the 'H-n.m.r. spectrum (C,D,) of the mixture: 6 5.85 (m, 1 H, H-4 or 
-5), 5.40 (dq, 1 H, J 10, 1 Hz, H-4 or -5), 4.4 (m, 1 H, H-2), 3.91 (m, 6 H, CO,CH,, 
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H-6a,6e), 3.69 [d, 1 H, J 7 Hz, CH(CO,Et),], 3.33 (s, 3 H, OCH), 2.92 (m, 1 H, 
H-4), 2.60 (dd, 1 H, J 15, 10 Hz, CH,CO,), 2.39 (dd, 1 H, J 15, 5 Hz, CH,CQO,), 
and 1.85 (m, 6 H, 2 CO,CH,CH,). 

Methyl (2R,5S,6S)-5-[bis(ethoxycarbonyl)methyl|-6-methyl-5,6-dihydro-2H- 
pyran-2-acetate (52). — Prepared by the procedure described for 56; YAECs ~—- 2980, 
1725, 1440, and 1370 cm~!; 'H-n.m.r. (C,D,): 6 5.84 (dd, 1 H, J 10, 5 Hz, H-3), 
5.55 (d, 1 H, J 10 Hz, H-4), 4.55 (m, 1 H, H-2), 4.15 (br. q, 1 H, H-6), 4.0-3.8 (m, 
4H, 2 CO,CH.,), 3.69 [d, 1 H, J 8 Hz, CH(CO,Et),], 3.31 (s, 3 H, OCH,), 2.74 (m, 
1 H, H-5), 2.49 (dd, 1 H, J 15, 8 Hz, CH,CO,), 2.25 (dd, 1 H, J 15, 8 Hz, CH,CO,), 
1.17 (d, 3 H, J 7 Hz, CH;), 0.91 (t, 3 H, CO,CH,CH;), and 0.86 (t, 3 H, 
CO,CH,CH,); m.s.: m/z 328 (M*), 282, 255, and 168. 

2R-cis)-1-(5-Acetoxy-5,6-dihydro-2H-pyran-2-yl)-2-propanone. (55). — Toa 
stirred solution of 10 (50.7 mg, 0.25 mmol) in oxolane (1 mL) containing tri- 
ethylamine (35 uwL, 0.25 mmol) at —10° was added a solution of o-anisoyl chloride 
(35 wL, 0.25 mmol) in oxolane (1 mL). The resulting mixture was stirred for 0.5 h 
at the same temperature and then cooled to —78°. To this was added dropwise 
methylmagnesium bromide (88 uwL, 0.26 mmol, 2.8M in ether). After stirring for 
0.5 h, the reaction was quenched with 10% NH,Cl solution and extracted with 
ether (2 X 50 mL). The combined extracts were washed with sat. NaHCO, solution, 
water, and NaCl solution, and dried (MgSO,). Concentration of the ether solution 
gave 55 (31.2 mg) clear oil unstable to storage. Flash-column chromatography of 
the residue with 1:2 ethyl acetate—hexane afforded pure 55 (12.9 mg, 41.2%), col- 
orless oil, [a]5°> —158° (c 1.21, chloroform); vS#Cs 3000, 1715, 1400, 1380, 1200, 
1090, and 700 cm~!; 'H-n.m.r. (CDCI): 6 5.97 (m, 2 H, H-3,-4), 5.11 (m, 1 H, 
H-5), 4.50 (m, 1 H, H-2), 4.06 (d, 1 H, J 12.3 Hz, H-6), 3.77 (dd, 1 H, J 12.3, 2.8 
Hz, H-6), 2.82 (dd, 1 H, J 16.6, 7.6 Hz, CH,CQO), 2.59 (dd, 1 H, J 16.6, 5.5 Hz, 
CH,CO), 2.21 (s, 3 H, COCH,), and 2.09 (s, 3 H, OCOCH,); m.s.: m/z 168 (M — 
HCHO), 138, 126, 96, 81, and 43; m.s.: calc. for C,H,,0;, 168.0786; found, 
168.0782. 

Ethyl {3S-[3a-(S*),6a]}-6-(2-oxopropyl)-a-(phenylsulfonyl)-3,6-dihydro-2H- 
pyran-2-acetate*.” (56). — To oil-free NaH (108 mg, 4.5 mmol) in oxolane (5 mL) 
was added ethyl phenylsulfonylacetate (1.03 g, 4.4 mmol) in oxolane (5 mL), and 
the mixture was stirred for 30 min at 25°. To the resulting turbid solution, N, N-di- 
methylformamide (3 mL) was added and the mixture centrifuged under N,. The 


mmol) and Pd(dppe), (308 mg) in oxolane (5 mL). The mixture was stirred for 4.5 
h and poured into a mixture of ether (50 mL) and dilute NaHSQ, solution (30 mL), 
and extracted with ether (2 x 100 mL). The combined ether solution was washed 
with water and NaCl solution, and dried (MgSO,). Flash chromatography of the 
residue from the concentrated ether solution with 1:1 ethyl acetate—hexane gave a 
1:1 mixture (690 mg, 85%) of two isomers as a clear, thick oil; vSM“ 3000, 1730, 
1600, 1320, 1140, 1080, and 700 cm~!; 'H-n.m.r. (CDCI,): 6 8.0-7.89 (m), 7.71- 
7.66 (m), 7.62—7.55 (m), 5.83—5.76 (m), 4.56 (m), 4.21 (d, J 5 Hz), 4.20 (d, J 5 Hz), 
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4.0-3.89 (m), 3.76 (dd, J 11.9, 3.2 Hz), 3.71 (m), 2 
(dd, J 16.4, 7.9 Hz), 2.50 (ddd, J 16.4, 5.0, 2.5 Hz), 
Hz), and 1.20 (t, J 5 Hz). 

Ethyl (3S-cis)-6-(2-oxopropyl)-3,6-dihydro-2H-pyran-2-acetate” (37). — To 
a solution of 56 (197.3 mg, 0.54 mmol) and NaH,PO,- H,O (298 mg, 2.16 mmol) 
in methanol (6 mL), cooled to —20°, was added pulverized 6% Na—Hg (0.8 g). The 
resulting solution was stirred for 30 min at the same temperature and poured into 
water (10 mL). The aqueous solution was extracted with ether (2 x 100 mL), and 
the combined ether solution was washed with water and NaCl solution, and dried 
(MgSO,). Flash-column chromatography of the residue with 1:1 ethyl acetate— 
hexane afforded pure 57 (99.5 mg, 81%), clear oil, [a],° —73° (c 1.02, chloroform); 
yCHCl 3000, 1730, 1360, 1250, 1150, 1080, 1010, and 750 cm~!; 'H-n.m.r. (CDCI,): 
5 5.86 (d, 1 H, J 10.1 Hz, H-4), 5.61 (d, 1 H, J 10.1 Hz, H-3), 4.54 (m, 1 H, H-2), 
4.13 (q, 2H, J 7.1 Hz, CO,CH,), 3.75 (m, 2 H, H-6a,6e), 2.71 (dd, 1 H, J 16.0, 8.1 
Hz, CH,CO,), 2.55-2.39 (m, 4 H, 2 CH,CO,), 2.20 (s, 3 H, COCH,), and 1.26 (t, 
3 H, J 7.3 Hz, CO,CH,CH,); m.s.: m/z 226 (M*), 211, 138, and 81; m.s. calc. for 
C,,H,,.0,, 226.1205; found, 226.1195. 

Anal. Calc. for C,,H,gO,: C, 63.69; H, 8.02. Found: C, 63.56; H, 8.19. 

(E)-4,8-Anhydro-5,6-O-cyclohexylidene-1,3,7-trideoxy-7-C-(ethoxycarbo- 
nyl)methyl-D-allo-2-octulose (58). — A mixture of 57 (164 mg, 0.73 mmol), N- 
methylmorpholine-N-oxide dihydrate (105.8 mg, 0.77 mmol), water (2 mL), 
acetone (800 wL), 1,1-dimethylpropanol (300 wL), and a catalytic amount of OsO, 
was stirred for 36 h at 25°. The resulting black mixture was stirred with NaHSO, 
(100 mg) for 1 h and diluted with ethyl acetate. The ethyl acetate solution was 
filtered through Florisil, washed with Na,S,O, solution and NaCl solution, and dried 
(MgSO,). Concentration of the ethyl acetate solution gave 4,8-anhydro-1 ,3,7-tri- 
deoxy-7-C-(ethoxycarbonyl)methyl-D-allo-2-octulose?” (139.1 mg, 73.2%) as a 
clear oil. Extraction of the aqueous layer (saturated with salt) with ethyl acetate 
gave additional diol (10.5 mg). This clear oil was used without further purification; 
vCHCh 3700-3150, 2930, 1720, 1360, 1320-1140, 1110, 1060, 940, and 740 cm~'; 
'H-n.m.r. (CDCI): 6 4.13 (gq, 2 H, J 7.i Hz), 4.0-3.85 (m, 3 H), 3.52 (d, 1 H, J 
11.7 Hz), 3.42 (d, 1 H, J 9.3 Hz), 2.82 (dd, 1 H, J 16.4, 5.0 Hz), 2.73 (dd, 1 H, J 
16.4, 7.1 Hz), 2.55 (dd, 1 H, J 17.8, 10.1 Hz), 2.41-2.3 (m, 2 H), 2.22 (s, 3 H), and 
1.25 (t, 3 H, J 7.1 Hz). 

A mixture of the diol (134 mg, 0.52 mmol), cyclohexanone (647 wL, 6.24 
mmol), anhydrous CuSO, (497.6 mg, 3.12 mmol), and 4-toluenesulfonic acid (1.5 
mg) in benzene (12 mL) was stirred for 30 h at 25°. The mixture was filtered and 
the solid washed with ether. The residue from concentration of the combined 
benzene-ether solutions was chromatographed with 1:2 ethyl acetate—hexane to 
give 58 (146.3 mg, 83%), clear, thick oil, [a]§° +6.7° (c 0.975, chloroform); 
vCHCls 2930, 1720, 1360, 1260-1160, 1110, 1020, 920, and 700 cm~!; 'H-n.m.r. 
(CDCI,): 64.14 (q, 2 H, J 7.1 Hz, CO,CH,), 4.07 (s, 1 H), 3.80 (dd, 1 H, Pe me 
Hz), 3.73 (m, 2 H), 3.61 (d, 1 H, 11.9 Hz), 2.73-2.52 (m, 4 H, CH,CO,, aco. 


2.70 (dd, J 16.4, 7.9 Hz), 2 
as 6a ea 
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2.4 (dd, 1 H, J 18.6, 9.5 Hz, H-5), 2.18 (s, 3 H, COCH,), 1.8-1.3 (m, 10 H), and 
1.25 (t, 3 H, J 7.1 Hz, CO,CH,CH,); m.s.: m/z 340 (M*), 297, 242, 207, 197, and 
185; m.s. calc. for C,gH,.O,, 340.1886; found, 340.1884. 

Anal. Calc. for C,gH,.O,: C, 63.50; H, 8.29. Found: C, 63.48; H, 8.49. 

Ethyl (E)-5,9-anhydro-6, 7-O-cyclohexylidene-2,3,4,8-tetradeoxy-8-C-(ethoxy- 
carbonyl)methyl-3-methyl-D-allo-non-2-enoate (59). — To a stirred solution of 
excess sodium triethylphosphonoacetate in oxolane (5 mL of a 0.36M solution) at 
25° was added a solution of 58 (60 mg, 0.18 mmol) in oxolane (1.5 mL). The mix- 
ture was stirred for 15 min at 25°, and then heated for 4 h at 60°. The cooled 
mixture was poured into ether, washed with NH,ClI solution and NaCl solution, 
and dried (MgSO,). Concentration of the ether solution gave a 3:1 mixture of trans- 
(59) and cis-isomer as a yellow oil. Medium-pressure I.c. on silica gel with 1:9 ethyl 
acetate—hexane afforded 59 (E) 31.8 mg, 43%, clear oil, [a]é° —8.8° (c 0.24, 
chloroform); vSH#Cs 2940, 1730, 1700, 1640, 1450, 1370, 1340, 1270-1030, 930, and 
710 cm~!; 'H-n.m.r. (CDCI,): 6 5.73 (d, 1 H, J 1 Hz, =C-H), 4.14 (q, 2 H, J 6.8 
Hz, CO,CH,), 4.13 (q, 2 H, J 7.1 Hz, CO,CH,), 3.77—3.61 (m, 2 H, H-6, -3 or -4), 
3.43 (td, 1 H, J 9.5, 3.0 Hz, H-3 or -4), 2.61-2.38 (m, 4 H, 2 CH,CO,), 2.19 (d, 3 
H, J 1.2 Hz, CH;), 2.34-2.16 (m, 1 H, H-5), 1.72—1.26 (m, 10 H), 1.26 (t, 3 H, J 
7.1 Hz, CO,CH,CH;,), and 1.26 (t, 3 H, J 6.8 Hz, CO,CH,CH,); m.s.: m/z 410 
(M*), 381, 296, 283, and 267; m.s. calc. for C,;H,,0,, 340.2305; found, 340.2320. 

(E)-5,9-Anhydro-6, 7-O-cyclohexylidene-2,3,4-tetradeoxy-8-C-(ethoxycarbo- 
nyl)methyl-3-methyl-D-allo-non-2-enal*|\" (61). — To a solution of diisobutyl- 
aluminumhydride (2.0 mL of a M solution in hexane), cooled to —78°, was added 
a solution of butyllithium (1.18 mL, 1.7M in hexane). After stirring for 15 min at 
the same temperature, oxolane (1.6 mL) was added. This mixture (70 wL, 0.03 
mmol) was added to a solution of 59 (10.2 mg, 0.03 mmol) in oxolane (0.5 mL), 
cooled to —78°. The mixture was stirred for 2 h, poured into a mixture of water (3 
mL) and dichloromethane (10 mL), and extracted with dichloromethane (10 m1). 
The combined extracts were washed with NaCl solution, dried (MgSO,), and con- 
centrated to give a clear oil (15.1 mg). Flash-column chromatography of the residue 
with 1:2 ethyl acetate—hexane afforded 61 (3.5 mg, 38%), 60 (3.5 mg, 38%), and 
59 (1.0 mg, 9.8%). Aldehyde®:? 61, [a]§° —11.3° (c 0.32, chloroform); vB 2929, 
2700, 1720, 1700, 1640, 1440, 1360, 1340, 1210, 1145, 1105, and 1040 cm~'!; 'H- 
n.m.r. (CDCI,): 6 9.81 (s, 1 H), 5.73 (m, 1 H), 4.15 (q, 1 H, J 5 Hz), 4.03 (m, I 
H), 3.80 (dd, 1 H, J 11, 3 Hz), 3.68 (dd, 1 H, J 9.0, 5.0 Hz), 3.58 (d, 1 H, J 12 Hz), 
3.45 (td, 1 H, J 10, 3 Hz), 2.78 (ddd, 1 H, J 15, 6.1 Hz), 2.68 (m, 1 H), 2.60-2.47 
(m, 2 H), 2.24-2.17 (m, 1 H), 2.20 (d, 3 H, J 1 Hz), 1.75—1.35 (m, 10 H), and 1.30 
(t,3 H,J5 Hz). 

(E)-5,9-Anhydro-6, 7-O-cyclohexylidene-2,3,4,8-tetradeoxy-8-C-(ethoxycar- 
bonyl)methyl-3-methyl-D-allo-non-2-enitol®’ (60). — [als —9.7 (c 0.415, 
chloroform); vCH#Cs 3450, 2910, 1690, 1640, 1430, 1360, 1200, 1140, 1100, and 920 
cm~!; 'H-n.m.r. (CDCI,): 6 5.73 (m, 1 H), 4.14 (q, 2 H, J 7 Hz), 4.08 (m, 1 H), 
3.76-3.70 (m, 4 H), 3.60 (dd, 1 H, J 11.3 Hz), 3.53 (td, 1 H, J 8.3 Hz), 2.51 (d, 1 
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H, J 14 Hz), 2.27-2.0 (m, 2 H), 2.20 (d, 3 H, J 1 Hz), 1.82-1.33 (m, 13 H), and 
1.27 (t, 3 H, J 7 Hz). 

7-O-Acetyl-4,8-anhydro-5,6-O-cyclohexylidene-1,3-dideoxy-L-talo-2-octulose 
(62). — By the procedure described for 58, 55 (132.5 mg, 0.67 mmol) gave 7-O- 
acetyl-4,8-anhydro-1,3-dideoxy-L-talo-2-octulose (111.5 mg 72%), clear oil, 
vCXChs 3700-3150, 3000, 1720, 1370, 1200, 1120, and 1040 cm~!; 'H-n.m.r. (CDCI,): 
5 4.88-4.87 (m, 1 H), 4.01 (m, 1 H), 3.90 (d, 1 H, J 12.9 Hz), 3.74 (d, 1 H, J 12.9 
Hz), 3.56 (d, 1 H, J 9.3 Hz), 3.10 (s, 1 H), 2.88 (dd, 1 H, J 16.4, 4.7 Hz), 2.74 (dd, 
1 H, J 16.4, 7.1 Hz), 2.23 (s, 3 H), and 2.10 (s, 3 H). 

By the procedure described for 58 and flash-column chromatography (1:1 
ethyl acetate—hexane), the just described diol (192 mg, 0.83 mmol) gave pure 62 
(222 mg, 80%), white crystals; m.p. 79-80°, [a]é°> +1.3° (c 1.145, chloroform); 
vCHCh 2940, 1730, 1370, 1240-1200, 1100, 1050, and 930 cm~!; 'H-n.m.r. (CDCI,): 
55.13 (m, 1 H, H-5), 4.14 (m, 1 H, H-4), 3.88—3.84 (m, 2 H), 3.76 (dd, 1 H, J 13.3, 
1.8 Hz), 3.69 (td, 1 H, J 9.3, 3.4 Hz), 2.73 (dd, 1 H, J 16, 3.4 Hz, CH,CO), 2.63 
(dd, 1 H, J 16.8, 8.9 Hz, CH,CO), 2.20 (s, 3 H, COCH;), 2.11 (s, 3 H, OCOCH,), 
and 1.74-1.25 (m, 10 H); m.s.: m/z 312 (M*), 269, 252, 214, 171, and 155; m.s. 
calc. for C,,H,,0,, 312.1573; found, 312.1582. 

Anal. Calc. for C,;,H,,0,: C, 61.65; H, 7.74. Found: C, 61.63; H, 7.67. 

4,8-Anhydro-5,6-O-cyclohexylidene-1 ,3-dideoxy-2-C-(ethoxycarbonyl)methyl- 
L-talo-7-octulose (63). — This compound was obtained by the procedure described 
for 59, and flash-column chromatography (1:1 ethyl acetate-hexane) of 32 (10.1 
mg, 0.03 mmol) gave a 4:1 mixture of trans and cis isomers (8.5 mg, 90%), clear 
oil, [a]i° —9.3° (c 1.24, chloroform); vSH#@s 2940, 2850, 1740, 1700, 1640, 1440, 
1370, 1240-1200, 1150, 1100, 1040, and 700 cm~!; 'H-n.m.r. (CDCI,):6 5.75 (d, J 
0.8 Hz), 5.11 (m), 4.17-4.10 (m), 3.87-3.81 (m), 3.65 (dd, J 13.3, 2.1 Hz), 3.36 (td, 
J 9.8, 2.3 Hz), 2.55 (d, J 14.5 Hz), 2.30—2.19 (m), 2.19 (d, J 1.2 Hz), 2.11 (s), 1.95 
(d, J 1.4 Hz), 1.71-1.31 (m), and 1.29-1.23 (t, J 7.1 Hz); m.s.: m/z 382 (M*), 353, 
339, 255, and 208; m.s. calc. for Cj9H3,0,, 382.1992; found, 382.1991. 

Anal. Calc. for C,)H 07: C, 62.91; H, 7.90. Found: C, 62.82; H, 7.98. 

To a stirred solution of sodium ethoxide (catalytic amount) in absolute 
ethanol (0.8 mL) was added a solution of the just described acetate (25.8 mg, 0.07 
mmol) in absolute ethanol (0.8 mL) at 0°. The mixture was stirred for 2 h at the 
same temperature and poured into sat. NH,ClI solution, and extracted with ethyl 
acetate. The extract was washed with NaCl solution, dried (MgSO,), and evapo- 
rated to give the alcohol (23.4 mg 100%), clear oil, vOHC’ 3550, 2930, 1700, 1640, 
1440, 1360, 1200, 1140, 1100, 1040, and 930 cm~!; 'H-n.m.r. (CDCI,): 6 5.76 (s), 
5.74 (s), 4.244.22 (m), 4.14 (q, J 7.1 Hz), 4.12 (q, J 7.12 Hz), 4.0—3.67 (m), 3.50—- 
3.46 (m), 3.38 (td, J 9.5, 2.9 Hz), 2.98-2.96 (m), 2.54 (d, J 14.4 Hz), 2.27-2.11 (m), 
2.19 (d, J 1.0 Hz), 1.94 (d, J 1.4 Hz), 1.71—1.32 (m), 1.27 (t, J 7.1 Hz), and 1.25 (t, 
J 7.1 Hz); m.s.: m/z 340 (M*), 311, 295, 251, 224, and 213; m.s. calc. for C;.H5.0,, 
340.1886; found, 340.1878. 

To a stirred solution of the just described alcohol (65.3 mg, 0.19 mmol) and 
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triethylamine (80 wL, 0.57 mmol) in 1:1 dichloromethane—dimethyl sulfoxide (1.3 
mL), cooled to 0°, was added SO,—pyridine complex (91.6 mg, 0.57 mmol) in 1:1 
dichloromethane—dimethyl sulfoxide* (800 uL). The resulting solution was stirred 


for 5 h at the same temperature, poured into sat. NH,Cl solution (10 mL), and 


extracted with ethyl acetate (60 mL). The combined ethyl acetate solution was 
washed with sat. NH,Cl solution, water, and NaCl solution, dried (MgSO,), and 
concentrated to give a clear oil (58.3 mg). Flash-column chromatography of the 
residue with 1:2 ethyl acetate—hexane afforded a 4:1 mixture of trans and cis 
isomers of 63 (31.7 mg, 63.6% based on recovered starting material), which were 
separable by chromatotron (1:4 ethyl acetate—hexane). 

E-isomer. [a]?° +11.0° (c 0.345, chloroform); vO#@ 2925, 2858, 1740, 1640, 
1440, 1360, 1200, 1150, 1100, 1040, and 920 cm~™!; 'H-n.m.r. (CDCI): 65.77 (s, 1 
H, =C-H), 4.60 (d, 1 H, J 7.9 Hz, H-4), 4.39 (t, 1 H, J 8.1 Hz, H-3), 4.31 (d, 1H, 
J 18 Hz, H-6), 4.17 (q, 2 H, J 7.1 Hz, CO,CH,), 4.04 (dd, 1 H, J 18, 1.4 Hz, H-6), 
3.49 (td, 1 H, J 8.9, 3.8 Hz, H-2), 2.63 (dd, 1 H, J 14.1, 4.2 Hz, CH,COQO,), 2.47 


H), and 1.28 (t, 3 H, J 7.0 Hz, CO,CH,CH,); m.s.: m/z 338 (M*), 309, 295, 240, 
and 211; m.s. calc. for C,gH,,O,, 338.1729; found, 338.1731. 

Z-isomer. 'H-n.m.r. (CDCI): 6 5.81 (s, 1 H), 4.62 (d, 1 H, J 7.8 Hz), 4.51 
(t, 1 H, J 7.9 Hz), 4.31 (d, 1 H, J 18 Hz), 4.15 (q, 2 H, J 7.1 Hz), 4.02 (dd, 1 H, J 
7.8, 1.2 Hz), 3.65-3.58 (m, 1 H), 3.18-3.15 (m, 1 H), 1.96 (d, 3 H, J 1.4 Hz), 
2.0-1.32 (m, 10 H), and 1.27 (t, 3 H, J 7.1 Hz). 
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ABSTRACT 


C-Glycosyl derivatives of compounds bearing two, three, or four carbon 
atoms were obtained from 3,4,6-tri-O-acetyl-1,5-anhydro-D-arabino-hex-1-enitol 
(1) via a deacetoxylated oxonium ion generated by treatment with a Lewis acid. 
The nucleophilic reagents with this cation were bis(trimethylsilyl)acetylene, allyl- 
trimethylsilane, and furan, which were found to exhibit a higher reaction velocity 
than 1 itself, a potential nucleophile leading to polymerization. 


INTRODUCTION 


Carbohydrate compounds have frequently been used as chiral starting mate- 
rials for the synthesis of natural products by utilizing the chiral center existing in 
the original skeleton', and for asymmetric induction in the side-chain linked to the 
cycle. Thus, we have demonstrated the use of carbohydrate starting materials in 
the syntheses of the Prelog—Djerassi lactonic acid”, of an’ ansamacrolactam, 
maytansine*, and of a marine polyether, namely, okadaic acid*. We describe herein 
the preparation of the key intermediates (3, 7, and 10) for the synthesis of poly- 
ethers by C-glycosyl intermediates of 3,4,6-tri-O-acetyl-1,5-anhydro-D-arabino- 
hex-1-enitol (1). 


RESULTS AND DISCUSSION 


In our synthetic studies on okadaic acid’, compound 1 was chosen as the 
starting material for C-glycosyl formation, since its cation (2) is readily generated 
under mild conditions by treatment with Lewis acids, such as boron trifluoride 
etherate, titanium tetrachloride, etc. Generation of 2 in the presence of a nucleo- 
phile would produce adduct(s) if the nucleophile attacks 2 much faster than does 
the starting vinyl ether 1 (ref. 6). Danishefsky et al.’ reported that 1 when treated 


*To whom correspondence should be addressed. 
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CH—CH=CH. 


2 
Ac 


H 


CH— CH=CH; 


with allyltrimethylsilane [(3-propenyl)trimethylsilane]* in the presence of titanium 
tetrachloride gives 3 in 85% yield as a mixture of a- and B-D anomers in a 16:1 
ratio. These authors did not report experimental details nor physical data, such as 
optical rotation. We have reproduced the same experiment?, but under a nitrogen 
atmosphere, to obtain a similar result. The ratio of a- to B-D anomer of 3 was 94:6 
when the reaction was catalyzed by boron trifluoride etherate. Essentially no condi- 
tion afforded exclusively the pure a anomer without chromatographic separation, 
even in the presence of other Lewis acids such as titanium or tin tetrafluoride. This 
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mixture of anomers was not pure enough as starting material for the synthesis of 
okadaic acid’. An attempt to separate, by l.c. on silica gel, this mixture, only 
afforded less than one gram of the a and 30 mg of the B anomer. The latter was 
used for stereochemical studies (vide infra)®. It was evident that the l.c. technique 
was inconvenient for the molar-scale purification required for the synthesis of 
okadaic acid’. The pure a anomer 3 was eventually prepared without chromatog- 
raphic separation, as it was found to be convertible into a crystalline benzylidene 
derivative 6 by hydrolysis of the mixture of anomers with triethylamine in 
methanol, and benzylidenation with benzaldehyde dimethyl acetal in the presence 
of camphorsulfonic acid’. Pure 6 was hydrolyzed with acetic acid to give 4, further 
acetylated into pure 3. In this synthesis, participation of the cation 2 was de- 
monstrated by the observation that a similar, unsaturated compound, 1,4,6-tri-O- 
acetyl-a-D-erythro-hex-2-enopyranose (5), when subjected to the same conditions, 
afforded 3 in the same ratio of a to B anomer (94:16). The same ratio of products 
was also observed when the reaction was carried out on a 1:1 mixture of the a and 
B anomers of 5 (in 80% yield). 

Bis(trimethylsilyl)acetylene reacted, as nucleophile, with the cation 2, which 
was generated by titanium tetrachloride, to afford an a@ anomer of 7 in 75% yield. 
This compound was only obtained when 1 was introduced into the mixture of 
bis(trimethylsilyl)acetylene and titanium tetrachloride at temperatures <0°. 
Another Lewis acid, boron trifluoride etherate, afforded only a small proportion of 
7 as polymerization of 1 was rapid. Compound 7 was also converted into the crystal- 
line benzylidene derivative 9 by deacetylation with lithium aluminium hydride to 
give 8, followed by treatment with benzaldehyde dimethyl acetal’. 

The following nucleophiles were unable to produce C-glycosyl compounds 
owing to rapid polymerization of 1: trimethylphenylsilane, trimethylvinylsilane, 
ethynyltrimethylsilane, and dihydropyran. However, furan was found to react with 
2 more rapidly than 1, when treated with boron trifluoride etherate for 2 h at —40°, 
to give a 1:1 mixture of the 2-(a-D-glycosyl)- (10) and 2-(D-glycit-3-yl)-furan (11) 
derivatives, respectively, in 54% yield. The configuration at C-1 of the C-glycosyl 
compounds was found to be mostly in axial orientation, which resulted in the for- 
mation of an a-D, axial substituent. The a-D configuration of the propene derivative 
3 was proven by comparison of the °C-n.m.r. spectrum with that of the minor B 
anomer; the former exhibited chemical shifts at 6 37.8 and 69.7 as compared to the 
latter at 5 39.4 and 74.2 for C-3 and C-8. These assignments were based on the y 
effect in 'C-n.m.r. spectroscopy, which has been often used for distinguishing 
between epimers'’. The minor product in the formation of 3 was also shown to 
have the B configuration by Danishefsky et al.°, by means of a n.O.e. study of the 
H-1 and H-S5 signals in the 'H-n.m.r. spectrum. The configuration of the ethynyl 
compounds 7-9 was proved also to be @ by 'H-n.m.r. spectrometry, as follows. 
Compound 9 having a fixed configuration was partially reduced into the corre- 
sponding dihydro derivative 12. A clear n.O.e. effect was observed with ~3.5% 
enhancement between the H signal appearing at 6 6.47 (dd, J 14.2, 9.1 Hz) and the 
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H-5’ signal at 6 3.70 (ddd, J 10.4, 8.2, 4.4 Hz). This result indicated that the vinyl 
substituent in 12 is located in a-axial orientation and that the initial reaction with 
trimethylsilylacetylene had given an a anomer. 

Linkage of two, three, or four carbon atom fragments to 1 afforded new 
possibilities of using this sugar as a chiral starting material for various synthetic 
targets. The propenyl derivative 3 has been used for the synthesis of okadaic acid> 
and other polyethers'', and the ethynyl derivative 7 may also be utilized as a pre- 
cursor of olefins or long carbon-chain molecules. 


EXPERIMENTAL 


General methods. — Melting points were determined with a Mitamura Giken 
apparatus and are uncorrected. Optical rotations were measured in 1-dm cells of 2- 
or 8-mL capacity with a JASCO Model DIP-4 polarimeter. I.r. spectra were re- 
corded with a JASCO A-3 spectrometer. 'H-N.m.r. spectra were recorded at 200 
or 500 MHz with JEOL FX200 or GX500 spectrometers for solutions in (*7H)chloro- 
form and are reported from the signal of internal tetramethylsilane. 3,4,6-Tri-O- 
acetyl-1,5-anhydro-D-arabino-hex-1-enitol (1) was prepared from D-glucose!*, and 
all silicon reagents were purchased from Shin-etsu Chem. Co. Ltd., Niigata, Japan. 
Elemental analyses were performed by Mr. S. Kitamura of the Analytical Laborat- 
ory of this department. 

3-(4,6-Di-OQ-acetyl-2,3-dideoxy-a-D-erythro-hex-2-enopyranosyl)-1-propene 
(3). — From 1. A solution of 1 (400 g) and allyltrimethylsilane (370 mL) in di- 
chloromethane (4.5 L) was cooled to —50°. It was stirred and BF, etherate was 
added dropwise over 30 min. The stirring was continued for 1 h at —50°, and for 
2.5 h at 0°. The mixture was poured into aqueous NaHCO, with vigorous stirring 
and the product extracted with dichloromethane. The extracts were dried (Na,SO,) 
and evaporated under reduced pressure to afford 3 and its isomer in quantitative 
yield (475.2 g, ratio 94:16) as an oil, and this material was used without further 
purification; '°C-n.m.r. (3): 6 20.7, 20.9, 37.8, 62.8, 64.9, 69.7, 71.2, 117.2, 123.7, 
132.5, 133.9, 169.8, and 170.1; (minor B-D anomer) 20.7, 20.9, 39.4, 63.6, 65.5, 
74.2 (2 C), 117.4, 125.0, 132.0, 133.1, 169.8, and 170.4. 

From 6. Recrystallized 6 (0.25 g) was dissolved in acetic acid (3 mL) and 
water (1 mL), and heated for 24 h at 55°. The mixture was evaporated to dryness, 
the residue treated overnight at room temperature with acetic anhydride (1.5 mL) 
and pyridine (3 mL), and the mixture evaporated in vacuo and separated by silica 
gel t.l.c. to afford pure 3 (85% overall yield); [a]§° +62.3° (c 1.03, chloroform); 
vOHClh 1740 cm~'!; 'H-n.m.r. (200 MHz): 6 2.09 (3 s, H,), 2.2-2.6 (H,-3), 3.95 (td, 
J 6, 4 Hz, H-5’), 4.1-4.25 (H-6’), 4.29 (m, H-1), 5.05—5.2 (H-1,1,4’), and 5.75-6.0 
(H-2,2’,3’). 

Anal. Calc. for C,;H,;,0;: C, 61.40; H, 7.14. Found: C, 61.40; H, 7.21. 

3-(2,3-Dideoxy-a-D-erythro-hex-2-enopyranosyl)-l1-propene (4). — From 3. 
To a solution of 3 (475.2 g) in methanol (3.2 L) were added triethylamine (650 mL) 
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and water (550 mL). The solution was stirred at room temperature for two days 
and the solvent removed under reduced pressure to give crude 4 (22.54 g, yield 
89% , in 2 steps from 1) which was used directly without further purification. 
From 6. Hydrolysis of pure 6 afforded an analytically pure sample of 4, [a]4° 
—35.1° (c 0.85, chloroform); 'H-n.m.r. (200 MHz): 6 2.2-2.55 (m, 2 H), 2.8 (br, 1 
H, OH), 3.1 (br, 1 H, OH), 3.5 (m, 1 H), 3.7-3.9 (m, 2 H), 4.10 (br. d, 1 H, J 8 
Hz), 4.23 (br. t, 1 H, J 7 Hz), 5.05—5.2 (m, 2 H), and 5.7-5.95 (m, 3 H). 
Anal. Calc. for Cgh,,O;: C, 63.51; H, 8.29. Found: C, 63.49; H, 8.33. 
3-(4,6-O- Benzylidene-2,3-dideoxy-a-D-erythro-hex-2-enopyranosyl)-1-prop- 
ene (6). — To a solution of 4 (99.6 g, 0.585 mol) and dicamphorsulfonic acid (10 g) 
in dichloromethane (1.2 L) was added benzaldehyae dimethyl acetal’ (170 mL, 
1.01 mmol) dropwise and the mixture stirred at room temperature overnight. The 
solvent (120 mL) was removed by heating until t.l.c. analysis showed the absence 
of the starting material. The mixture was cooled to room temperature and then 
poured into sat. NaHCO, solution. The organic layer was dried (Na,SQO,), and 
passed through a short column of silica gel. Evaporation under reduced pressure 
afforded crude crystals (251.1 g) and recrystallization from ether and hexane gave 
6 (121 g, yield 80%), white needles, m.p. 63.0°, [a]§° +26.7° (c 1.25, chloroform); 
'H-n.m.r. (200 MHz): 6 2.25—2.60 (m, H,-3), 3.62 (ddd, J 10, 8, 4 Hz, H-5’), 3.77 
(t, J 10 Hz, H-6’), 4.14 (dq, J 8, 2 Hz, H-1'), 4.23-4.38 (m, H-4’,6’), 5.09 (br.s, 
H-1), 5.16 (dq, J 8, 1 Hz, H-1), 5.59 (s, PhCH), 5.76 (dt, J 10, 2 Hz, H-2’), 5.75- 
5.94 (m, H-2), 6.01 (br.d, J 10 Hz, H-3’), and 7.3—7.6 (5 H, Ar). 
Anal. Calc. for C,,H,,.0;: C, 74.39; H, 7.02. Found: C, 74.37; H, 7.03. 
1-(4,6-Di-O-acetyl-2,3-dideoxy-a-D-erythro-hex-2-enopyranos yl)-3,3-dimeth- 
yl-3-sila-1-butyne (7). — To a solution of bis(trimethy!)acetylene (1.26 g, 7.4 mmol) 
and TiCl, (0.4 mL, 3.7 mmol) in dichloromethane (10 mL), cooled to —20° under 
N, atmosphere, was slowly added, overnight with stirring, a solution of 1 (1.0 g, 3.7 
mmol) in dichloromethane (30 mL). The mixture was stirred for an additional 2 h 
at —20° and then poured into 10% potassium sodium tartrate (40 mL), stirred for 
3 h, and extracted dichloromethane (3 x). The combined organic layers, washed 
with aq. NaHCO, and sat. NaCl, dried (Na,SO,), and evaporated under reduced 
pressure, gave a crude oil (1.65 g). Purification by silica gel column chromatog- 
raphy afforded 7 (0.85 g, 75% yield) as an oil, which became crystalline in a freezer, 
in.p. 43°, [a]° —82.0° (c 1.00, chloroform); v#'™ 3000, 2200, 1740, 1730 cm~!; 'H- 
n.m.r. (200 MHz): 60.20 (s, 9 H), 2.10 (s, 6 H), 4.12 (m, 1 H), 4.24 (m, 2 H), 4.96 
(m, 1 H), 5.3 (ddd, 1 H, J 10, 4, 2 Hz), 5.77 (dt, 1 H, J 10, 2 Hz), and 5.90 (ddd, 
1H, J 10,3, 2 Hz); °C-n.m.r.: 60.24, 21.0, 21.2, 63.2, 64.6, 64.9, 70.2, 91.8, 101.1, 
125.7, 129.2, 170.3, and 170.8; m.s.; m/z 250 (M*+ — AcOH) and 209 (M* — 101). 
Anal. Calc. for C,;H,,0.Si: C, 58.06; H, 7.10. Found: C, 58.04; H, 7.16. 
]-(2,3-Dideoxy-a-D-erythro-hex-2-enopyranosyl)-3,3-dimethyl-3-sila-1-butyne 
(8). — A solution of 7 (300 mg) in tetrahydrofuran (10 mL) was cooled in an ice 
bath and mixed with M LiAIH, in tetrahydrofuran (~1.5 mL). After being stirred 
for 0.5 h at this temperature, the mixture was poured into 10% tartaric acid (10 
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mL), extracted with dichloromethane, (3 X), and the extract washed with water 
half-saturated with NaCl, dried (Na,SO,), and evaporated to give crystals (177 mg, 
94% yield), m.p. 90°, [a]° —191.7° (c 1.00, chloroform); v#!™ 3600 and 3400 cm~!; 
'H-n.m.r. (200 MHz): 6 0.18 (s, 9 H), 2.15 (br., H-3, OH), 3.75 (m, H-5’), 3.88 
(m, H-6’), 4.20 (d, H-4’, J 9 Hz), 4.92 (m, H-1’), and 5.84 (m, H-2’,3’). 

Anal. Calc. for C,,H,,0,Si: C, 58.41; H, 7.96. Found: C, 58.39; H, 7.97. 

1 -(4,6-O- Benzylidene-2,3-dideoxy-a-D-erythro-hex-2-enopyranosyl)-3,3-di- 
methyl-3-sila-1-butyne (9). — A solution of 8 (1.0 g) in N,N-dimethylformamide 
(30 mL) was stirred with benzaldehyde dimethyl acetal (1.0 mL) in the presence of 
camphorsulfonic acid (0.10 g) for 6 h at 100°. The mixture was poured into a mix- 
ture of NaHCO, (sat., 30 mL) and ice with stirring, and extracted with ether (3 x). 
The combined extracts were washed twice with water and sat. NaCl, and dried 
(Na,SO,). Evaporation of the solvent afforded a crude oil which was separated on 
a silica gel column (~50 g) with 1:2 ether—hexane as eluant to afford pure 9 (1.24 
g, 89% yield), which crystallized on storage in a refrigerator; m.p. 68°, [a]%° —56.3° 
(c 1.00, chloroform); v“!™ 2850 cm~'; 'H-n.m.r. (200 MHz): 6 0.20 (s, SiMe;), 3.76 
(m, H-5’), 3.90 (m, H-6’b), 4.18 (m, H-4’), 4.40 (dd, J 10, 4 Hz, H-6’a), 4.98 (m, 
H-1’), 5.62 (s, PhCH), 5.76 (dt, J 10, 3 Hz, H-2’), and 6.02 (m, H-3’). 

Anal. Calc. for C,,H,,O0,Si: C, 68.79; H, 7.01. Found: C, 68.80; H, 7.17. 

2-(4,6-Di-O-acetyl-2,3-dideoxy-a-D-erythro-hex-2-enopyranosyl)furan (10). 
— 'H-N.m.r. (200 MHz): 6 2.06 (s, 3 H), 2.09 (s, 3 H), 3.35 (s, 1 H), 3.55-3.8 (3 
H), 5.3-5.4 (2 H), 5.9-6.1 (2 H, AB), 6.3-6.4 (2 H), and 7.45 (dd, 1 H, J 2.1 Hz). 

2-(4,6-Di-O-acetyl-1,5-anhydro-2,3-dideoxy-2-D-ribo-hex-1-enit-3-yl) furan 
(11). — 'H-N.m.r. (200 MHz): 6 1.98 (s, 3 H), 2.09 (s, 3 H), 4.02 (td, J 6, 2 Hz, 
H-3’), 4.14 (dt, J 10, 4 Hz, H-5’), 4.25-4.35 (m, H,-6’), 4.80 (d, J 6 Hz, H-2’), 5.05 
(dd, J 10, 6 Hz, H-4’), 6.13 (dd, J 3 Hz, H-3 or 4), 6.33 (dd, J 3.2 Hz, H-4 or 3), 
6.52 (dd, J 6, 2 Hz, H-1), and 7.37 (dd, J 2 Hz, H-S5). 

1-(4,6-O-Benzylidene-2,3-dideoxy-a-D-erythro-hexopyranosyl)-3,3-dimethyl- 
3-sila-1-butene (12). — Compound 9 (18 mg) and dipotassium azodicarboxylate 
(100 mg) were dissolved in methanol (4 mL), and to this mixture acetic acid (0.05 
mL) was added dropwise under a N, atmosphere. The mixture was stirred for 4 h 
at room temperature and, before workup, additional acetic acid (1 mL) was added. 
After 30 min, the mixture was poured into sat. NaHCO, solution and was extracted 
with dichloromethane (x 3). The combined organic layers were washed (NaCl), 
dried (Na,SO,), and evaporated to dryness, and the residual oil was purified by 
t.l.c. chromatography to afford 12 and its completely reduced derivative in 1:5 
ratio in 50% yield; 'H-n.m.r. (S00 MHz): 60.17 (SiMe;), 3.70 (ddd, J 10.3, 8.1, 4.2 
Hz, H-5’), 3.77 (t, J 10.3 Hz, H-6’b), 4.15 (ddd, J 8.1, 4.0, 2.4 Hz, H-4’), 4.32 (dd, 
J 10.2, 4.2 Hz, H-2’), 4.85 (dddd, J 9.1, 2.4, 2.0, 0.9 Hz, H-1’), 5.61 (s, PhCH), 
5.64 (dt, J 10.3, 2.6 Hz, H-2’), 5.76 (dd, J 14.2, 0.9 Hz, H-2), 6.04 (br.d, J 10.3 Hz, 
H-3'), 6.47 (dd, J 14.2, 9.1 Hz, H-1), 7.37 (m, 3 H, Ar), and 7.51 (m, 2 H, Ar). 
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DIASTEREOSELEKTIVE SYNTHESE VON FUNKTIONALISIERTEN C-a- 
UND -B-GLYKOSYLDERIVATEN DER 2-ACETAMIDO-2-DESOXY-p- 
GLUCOSE* 


ATHANASSIOS GIANNIS UND KONRAD SANDHOFF 


Institut fiir Organische Chemie und Biochemie der Universitit Bonn, Gerhard-Domagk-StraBe 1, D-5300 
Bonn 1 (Bundesrepublik Deutschland) 


(Eingegangen am 2. Februar 1986; angenommen am 20. Marz 1986) 


ABSTRACT 


2-(2-Acetamido-2-deoxy-a,B-D-glucopyranosyl)ethylamine was _ prepared 
from 2-acetamido-2-deoxy-D-glucose in six steps including a Wittig reaction. Reac- 
tion of the amine with p-nitrophenyldiazonium tetrafluoroborate yielded 3-[{2-(2- 
acetamido-2-deoxy-a,B-D-glucopyranosyl)ethyl]-1-p-nitrophenyltriazene, a poten- 
tial irreversible inhibitor of human £-D-hexosaminidase A. 


ZUSAMMENFASSUNG 


Ausgehend von 2-Acetamido-2-desoxy-D-glucose wurde tiber eine Wittig- 
Olefinierung in einer 6-stufigen Reaktion 2-(2-Acetamido-2-desoxy-a,B-D-gluco- 
pyranosyl)ethylamin hergestellt. Durch Umsetzung dieser Verbindung mit p-Nitro- 
phenyldiazoniumtetrafluoroborat wurde 3-[2-(2-Acetamido-2-desoxy-a,B-D-gluco- 
pyranosyl)ethyl]-1-p-nitrophenyltriazen erhalten, ein potentieller irreversibler In- 
hibitor der menschlichen B-D-Hexosaminidase A. 


EINLEITUNG 


Funktionell substituierte C-Glykosylderivate sind Teilstrukturen zahlreicher 
Naturstoffe!. Sie dienen als chirale Ausgangsprodukte und Enzyminhibitoren**. 
Wahrend Verfahren zur Synthese von C-Glykosylderivaten von Aldohexosen exis- 
tieren*~°, wurden bisher nur wenige Methoden zur Herstellung von C-Glykosyl- 
derivaten von Aminozuckern beschrieben®’. C-Glykosylderivate der 2-Acetamido- 
2-deoxy-D-glucose sollten als Inhibitoren und Affinitatsliganden zur Charak- 
terisierung der aktiven Zentren von Hexosaminidasen sehr nitzlich sein. 


*Herrn Prof. Saul Roseman zum 65. Geburtstag gewidmet. 


0008-62 15/87/$ 03.50 © 1987 Elsevier Science Publishers B.V. 
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Abb. 1. Oben: °C-N.m.r. der Verbindung 4 (in CDCI,). Unten: °C-N.m.r. (Lésung in CDCI,) nach 
Benandlung der Verbindung 4 mit Natriumethylat in Ethanol. 


ERGEBNISSE UND DISKUSSION 


Ausgehend vom leicht erhaltlichen Derivat 2-Acetamido-2-desoxy-4,6-O- 
ethyliden-a-D-glucose® (1) wurde ein einfaches Verfahren zur Herstellung von 
funktionalisierten C-Glykosylderivaten der 2-Acetamido-2-desoxy-D-glucose ent- 
wickelt. Verbindung 1 liefert mit Ethyl-(triphenylphosphoranyliden)acetat [(Carb- 
ethoxymethylen)triphenylphosphoran|? in siedendem Acetonitril Ethyl-4-acet- 
amido-2,3,4-tridesoxy-6,8-O-ethyliden-D-gluco-oct-2-enoat (2) als E/Z-Gemisch in 
ausgezeichneter Ausbeute. Eine in situ-Cyclisierung'’ dieser Verbinding wurde 
unter den Reaktionsbedingungen nicht beobachtet. Behandlung einer verdiinten 
Lésung von 2 in Ethanol mit Natriumethanolat liefert in einer intramolekularen 
Michael-Addition Ethyl-(2-acetamido-2-desoxy-4,6-O-ethyliden-D-glucopyrano- 
syl)acetat als a/B-Gemisch 4 and 5. Das a/B-Verhaltnis hangt dabei stark von der 
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Behandlungsdauer mit Natriumethanolat ab: Nach 5-15 Minuten ergibt sich ein 
a/B-Verhaltnis von 9:1 und nach 36 h von 3:10 (s. Abb. 1). Die Verbindung 4 
wurde in reiner Form durch fraktionierte Kristallisation aus Diethylether—Ethanol 
erhalten. Wird sie fiir 36 h mit Natriumethanolat behandelt, so entsteht ebenfalls 
das a/B-Gemisch von 3:10. 

Die Struktur sowie das a/B-Verhaltnis der Anomeren 4 und 5 wurden durch 
Kombination von 'H-N.m.r.- (400 MHz) und '°C-N.m.r.-Spektroskopie bestimmt. 
Die endgiiltige Zuordnung der H-1-Signale im 'H-N.m.r.-Spektrum der Verbin- 
dungen 4 and 5 war durch selektive Entkopplungsexperimente mdglich. Die 
therrmodynamische Praferenz des B-D-Anomeren spiegelt die Tendenz des C-1-Al- 
kyl-Substituenten wieder, die a4aquatoriale Position zu besetzen. Die Kopplungs- 
konstante J, , fir H-1 des C-Glykosylderivates 5 liegt mit 9 Hz im normalen Be- 
reich. Hingegen wurde fiir das H-1 des C-Glykosylderivates 5 eine auffallig groBe 
Kopplungskonstante J, , 5.6 Hz festgestellt, die in ihrer GroBenordnung der fir 
andere C-a-D-Glykoside beschriebenen entspricht®!!. 

Bei der basenkatalysierten Umwandlung von 2 bzw. 4 zu 4 und § entstehen 
Nebenprodukte, deren Natur nicht aufgeklart werden konnte. Das Ausma®B ihrer 
Bildung hangt von der Dauer der Natriumethanolat-Einwirkung ab. Fur die nach- 
folgend beschriebenen Reaktionen wurde 4/5 mit einem a/B-Verhaltnis von 2:1 
umgesetzt. Reduktion der Esterfunktion von 4/5 mit LiBH, fiihrt zum entsprechen- 
den Alkohol 6. Dabei blieb das a/B-Verhaltnis im Produkt 6 gegentiber 4/5 un- 
verandert: Offensichtlich reicht die Basizitat des Borhydridanions nicht aus, um 
eine Anomerisierung zu bewirken. Die Reduktion von reinem 4 mit LiBH, fihrt 
zu 3, wie das 'H-N.m.r.-Spektrum zeigt (Abb. 2). Auch fiir dieses C-a-Db-Glykosyl- 
derivat wurde eine grobe Kopplungskonstante (J, , 6 Hz) festgestellt. Die selektive 
Tosylierung der primaren Hydroxyfunktion von 6 verlief problemlos. Das p- 
Toluolsulfonat 7 (a@,B) bildet sich ohne erkennbare Nebenprodukte und wird mit 
NaN, in N,N-Dimethylformamid zum Azid 8 (a,8), umgesetzt. Abspaltung der 
Ethyliden-Schutzgruppe und Reduktion des Azids zum freien Amin 9 (a@,8) wird 
als Eintopfreaktion durchgefihrt. 

Analog zur Vorschrift von Sinnot und Smith!” bildete das Amin 9 (a@,B) mit 
p-Nitroanilindiazoniumtetrafluoroborat!? 3-[2-(2-Acetamido-2-desoxy-a,B-D-glu- 
copyranosyllethyl-1-p-nitrophenyltriazen (10). Wie fiir andere C-Glykosyl- 
Triazene beschrieben!?:*, ist 10 sehr labil und zerfallt schon bei neutralem pH. 
Alle Versuche, das Triazen zu isolieren und zu charakterisieren, schlugen fehl. Ein 
Zerfallsprodukt ist p-Nitroanilin, die Identifizierung der anderen ist geplant. Wie 
erste Versuche zeigen, werden die beiden Zentren'> der menschlichen B-D-Hexo- 
saminidase A durch das Triazen 10 bereits bei 0° in einer zeitabhangigen Reaktion 
irreversibel inaktiviert. 


EXPERIMENTELLER TEIL 


Allgemeine Methoden. — Optische Drehungen: Perkin-Elmer Polarimeter 
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Abb. 2. Zweidimensionale Korrelation der Protonen der Verbindung 6 (a-D-Anomer) in CD,OD. 
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241 in 10 cm-Kiivetten bei 589 nm. Samtliche Reaktionen wurden dinnschicht- 
chromatvgraphisch auf Kieselgel-Fertigplatten (Merck) verfolgt. Detektion: An- 
sprihen mit Essigsdure—H,SO, (9:1, v/v) und anschlieBende Warmebehandlung. 
Saulenchromatographische Trennungen: Lichroprep Si-60 (Korngr6Be 40-63 wm), 
Kieselgel 60 (70-230 mesh), Merck. Laufmittel (A): Chloroform—Methanol (7:1, 
v/v); Laufmittel (B): Aceton—Tetrachlorkohlenstoff (3:1, v/v). I.r. Spektren: Pye 
Unicam SP 1025. 'H- und °C-N.m.r.: Bruker WM 400. Innerer Standard: Tetra- 
methylsilan. Hochaufgeléste Massenspektren: Kratos MS-50. 

2-Acetamido-2-desoxy-4,6-O-ethyliden-a-D-glucose® (1). — Die Verbindung 
wurde nach der folgenden modifizierten Vorschrift hergestellt: Fein pulverisierte 
und tiber P,O, getrocknete 2-Acetamido-2-desoxy-a,B-D-glucose (11.5 g, 50 mmol) 
wird in einer Lésung von Acetonitril (140 mL), Paraldehyd (60 mL) und konz. 
H,SO, (1 mL) suspendiert und das Gemisch fiir 24 h bei Raumtemperatur gerihrt. 
AnschlieBend werden eventuell gebildete unlésliche Produkte durch Zusatz von 
wenig Methanol aufgelést und die Lésung mit Dowex 1-X8 (OH~) Anionen- 
austauscher neutralisiert. Nach Filtrieren und Abdestillieren des L6sungsmittels in 
vacuo entsteht ein kristallines Produkt, aus dem sich 1 (11.5 g, 90%) durch Umkris- 
tallisation aus Ethanol—Ethylacetat isolieren laBt. Schmp. 205-—207° (Zers.); [a]3° 
+59° (c 1, Dimethylsulfoxyd); C-N.m.r. [(*7H,)Me,SO]: 6 20.32, 22.56, 54.73, 
61.95, 67.19, 67.74, 81.95, 91.34, 98.68, 169.44; lit.? Schmp. 211-212°, [a]Z° +73° 
(c 1, Dimethylsulfoxyd). 

Anal. Ber. fiir C,jJH,,NO,: C, 48.57; H, 6.92; N, 5.66. Gef.: C, 48.24; H, 
6.86; N, 5.58. 

Ethyl-4-acetamido-2, 3,4-tridesoxy-6,8-O-ethyliden-D-gluco-oct-2-(E,Z)-enoat 
(2). — 2-Acetamido-2-desoxy-4,6-O-ethyliden-a-D-glucose (1) (4.94 g, 20 mmol) 
wird zu einer Lésung von Ethyl-(triphenylphosphoranyliden)acetat [(Carbethoxy- 
methylen)triphenylphosphoran] (7.65 g, 22 mmol) in absol. Acetonitril (100 mL) 
gegeben und das Reaktionsgemisch fiir 4 h unter RiickfluB erhitzt. Nach Abdestil- 
lieren des Lésungsmittels in vacuo kann durch Flash-Chromatographie an 
Lichroprep Si-60 (Laufmittel A) 2 (5.76 g, 92%) als ein 3:1-E/Z-Gemisch gewon- 
nen werden; R,; 0.5 (Laufmittel A); 'H-N.m.r. (400 MHz, CDCI,) (E-Isomeres): 6 
1.28 (t, 3 H, J 7 Hz, CH,CH,), 1.31 (d, 3 H, J 5 Hz, CH,CH), 2.07 (s, 3 H, 
CH,CONH), 3.30.18 (m, 10 H), 4.67 (q, 1 H, J 5 Hz, CH,;CH), 6.01 (dd, 1 H, 
J, 315.5, J, 42 Hz, H-2), 6.36 (d, 1 H, J 9 Hz, NH), 6.93 (dd, 1 H, J, ; 15.5, J; 45.8 
Hz, H-3); Z-Isomeres, charakteristische Signale: 6 1.27 (t, 3 H, J 7 Hz, CH,;CH,), 
1.31 (d, 3 H, J 5 Hz, CH,CH), 4.73 (q, 1 H, J 5 Hz, CH,CH), 5.91 (dd, 1 H, J, , 
11.5, J, 4 1.5 Hz, H-2), 6.29 (dd, 1 H, J, 11.5, J; 4 8.2 Hz, H-3), 6.61 (d, 1 H, J9 
Hz, NH). 

Anal. Ber.. fiir C,,H,,NO,: C, 52.98; H, 7.30; N, 4.41; m/z 318.1553 (M + 
H)*. Gef.: C, 53.27; H, 7.27; N, 4.18; m/z 318.1534. 

Ethyl-(2-acetamido-2-desoxy-4,6-O-ethyliden-a,B-D-glucopyranosyl)acetat (4 
und 5). — Zur Lésung der Verbindung 2 (5 g, 15.77 mmol) in absol. Ethanol (90 
mL) wird eine 0.1M ethanolische Natriumethylat-Lésung (10 mL) zugetropft und 
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das Reaktionsgemisch fiir 10-15 min kraftig gerihrt. Nach Neutralisation mit 
Dowex 50W-X2 (H*) Kationenaustauscher, Filtration und Abdestillieren des 
Lésungsmittels wird 4, 5 (4.9 g, 98%) als a/B-Gemisch im Verhaltnis 9:1 gewon- 
nen; R, 0.57 (Laufmittel A). Die reine Verbindung 4 laBt sich durch fraktionierte 
Kristallisation aus Diethylether—Ethanol isolieren. 

Verbindung 4. [a]Z° +70° (c 0.51, Methanol); 'H-N.m.r. (400 MHz, CDCI): 
§ 1.26 (t, 3 H, J 7.2 Hz, CH,CH,O), 1.38 (d, 3 H, J 5.2 Hz, CH,CH), 2.01 (s, 3 H, 
CH,CONH), 2.62 (dd, 1 H, J; 7 5.6, J; 7 14.4 Hz, H-7), 2.70 (dd, 1 H, J, 7 8.6 Hz, 
H-7’), 3.30 (s, br., 1 H, OH), 3.32 (dt, 1 H, J; , 8, J, ; 8 Hz, H-4), 3.45-3.55 (m, 2 
H, H-5,6’), 3.77 (dt, 1 H, J, , 9.6 Hz, H-3), 4.02 (m, 1 H, H-6), 4.10-4.20 (m, 3 H, 
CH,CH,O, H-2), 4.72 (q, 1 H, J; , 5.6 Hz, H-1), 4.73 (q, 1 H, J 5.2 Hz, CH,CH), 
6.21 (d, 1 H, J5 Hz, NH); °C-N.m.r. (CDC1,): 6 14.21, 20.42, 22.96, 33.09, 54.29, 
60.76, 64.55, 68.09, 69.62, 72.23, 81.78, 99.66, 170.90, 171.43. 

Verbindung 5. 'H-N.m.r. [400 MHz, (7H)CHCI,—-(*7H,)Me,SO 20:1, v/v]: 6 
1.24 (t, 3 H, J 7.2 Hz, CH,CH,O), 1.36 (d, 3 H, J 5.2 Hz, CH,CH), 1.98 (s, 3 H, 
CH,CONH), 2.42 (dd, 1 H, J;7, 16, J, , 9 Hz, H-7), 2.49 (dd, 1 H, J; 7, 2.3 Hz, 
H-7’), 3.23-3.37 (m, 2 H, H-5,6), 3.46 (t, 1 H, J, 5 = J3.4 9.6 Hz, H-4), 3.63-3.70 
(m, 1 H, H-6’), 3.70-3.85 (m, 2 H, J, , 9 Hz, H-3,1), 4.044.20 (m, 3 H, H-2, 
CH,CH,O), 4.75 (q, 1 H, J 5.2 Hz, CH,CH), 4.79 (d, 1 H, J 5.6 Hz, OH), 7.52 (d, 
1 H, J 7.5 Hz, NH); °C-N.m.r. (CDCI,): 6 14.16, 20.36, 23.26, 38.07, 55.90, 60.93, 
68.16, 70.48, 76.01, 81.31, 99.68, 171.63, 171.95. 

Anal. Ber. fiir C,,H,,NO,: C, 52.98; H, 7.30; N, 4.41; m/z 317.1474 (M*). 
Gef.: C, 52.68; H, 7.29; N, 4.49; m/z 317.1472. 

Basenkatalysierte Anomerisierung der Verbindung 4. — Eine Lésung von 4 
(900 mg) in absol. Ethanol (27 mL) wird mit 0.1M Natriumethylat-Lésung in 
Ethanol (3 mL) versetzt. Nach 36 h bei Raumtemperatur neutralisiert man mit 
Dowex 50W-X2 (H*) Kationenaustauscher. Nach Filtration und Abdestillieren des 
Lésungsmittels in vacuo wird das Produkt folgenderma8en isoliert: (a) Saulen- 
chromatographie an Kieselgel 60 mit Laufmittel B und (b) Saulenchromatographie 
an Kieselgel mit Laufmittel A. So wird 4 und 5 (330 mg, 36%) als ein a/B-Gemisch 
(a: B = 3:10) erhalten, R, 0.5 (Laufmittel B). 

2-(2-Acetamido-2-desoxy-4,6-O-ethyliden-a,B-D-glucopyranosyl)ethanol (6). 
— Das Gemisch aus 4 und 5 (4:5 = 2:1; 3.17 g, 10 mmol) wird in absol. Oxolan 
(100 mL) gelést, mit einer M-Lésung von LiBH, in Oxolan (12 mL) versetzt und fiir 
6 h unter RiickfluB erhitzt. Der Reaktionsverlauf lat sich diinnschichtchromato- 
graphisch verfolgen. Nach Beendigung der Reaktion wird das Uberschissige LiBH, 
mit 50% Essigsdure zerstért und die Lithiumsalze mit Dowex S50W-X2 (H*)- 
Kationenaustauscher entfernt. AnschlieBend entfernt man die fliichtigen Bestand- 
teile in vacuo und isoliert die Verbindung 6 (2.37 g, 75%) als a/B-Gemisch (a: B = 
2:1) durch Flash-Chromatographie an Lichroprep Si-60 mit Laufmittel B. Alter- 
nativ dazu kann das Produkt durch Kristallisation aus Methanol gereinigt werden, 
R, 0.32 (Laufmittel A); 'H-N.m.r. (400 MHz, CD,OD): 6 1.30 (d, 3 H, J 4.9 Hz, 
CH,CH), 1.66 (m, (1 H, H-7), 1.95 (m, 1 H, H-7’), 1.96 (s, 3 H, CH,CONH), 3.26 
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(t, 1 H, J3, = Jy; 9 Hz, H-4), 3.39-3.51 (m, 2 H, H-5,6’), 3.53-3.65 (m, 2 H, 
CH,CH,OH), 3.72 (t, 1 H, J, 3 = J34 9 Hz, H-6), 3.98 (dd, 1 H, Jeg, 10, J;, 4 Hz, 
H-6), 4.05 (dd, 1 H, J, , 6, J, , 9 Hz, H-2), 4.20 (ddd, 1 H, J; , 6 Hz, H-1), 4.76 (q, 
1 H, J 4.9 Hz, CH,CH); B-p Anomer [charakteristische Signale, (*H,)Me,SO]: 6 
1.86 (s, 3 H, CH,CONH), 4.71 (q, 1 H, J 4.9 Hz, CH,;CH), 5.08 (d, 1 H, J 6 Hz, 
OH), 7.92 (d, 1 H, J 6 Hz, NH). 

Anal. Ber. fiir C,,H,,NO,-0.25 H,O: C, 51.51; H, 7.74; N, 5.00; m/z 
275.1369 (M*). Gef.: C, 51.50; H, 7.76; N, 4.85; m/z 275.1363. 

2-(2-Acetamido-2-desoxy-4,6-O-ethyliden-a,B-D-glucopyranosyl)ethyl-1-p- 
toluolsulfonat (7). — Eine Lésung von Verbindung 6 (1.37 g, 5 mmol) in absol. 
Pyridin (30 mL) wird mit frisch umkristallisiertem p-Toluolsulfonsaurechlorid (1.14 
g, 6 mmol) bei Raumtemperatur unter Riihren versetzt und das Gemisch fiir 4 h bei 
50° geriihrt. Nach Beendigung der Reaktion und Neutralisation mit 5% NaHCQO,- 
Lésung sowie Extraktion mit Dichlormethan (dreimal je 50 mL) werden die 
organischen Phasen vereinigt, iber Na,SO, getrocknet und die flichtigen Bestand- 
teile in vacuo abgezogen. Durch Flash-Chromatographie an Lichroprep Si-60 mit 
Laufmittel A kann 7 (1.95 g, 91%) als ein 2:1-Gemisch gewonnen werden, R,; 0.63 
(Laufmittel A); 'H-N.m.r. (400 MHz, CDCl,) (a-p Anomer): 6 1.35 (d, 3 H, J 5 
Hz, CH,CH), 1.96 (s, 3 H, CH,CONH), 1.50—2.10 (m, 2 H, CH,CHOTs), 2.42 (s, 
3 H, CH,-Ph), 3.20-4.80 (m, 11 H), 7.30—7.40 (m, 2 H, arom. H), 7.19 (d, 1 H, J 
8 Hz, NH), 7.75-7.85 (m, 2 H, arom. H); B-D Anomer (charakteristische Signale): 
6 1.32 (d, 3 H, J 5 Hz, CH,CH), 2.02 (s, 3 H, CH,CONH), 2.44 (s, 3 H, CH,—Ph), 
7.73 (d, 1 H, J 8 Hz, NH). 

Anal. Ber. fiir C,oH,,O,S: m/z 429.1458 (M*). Gef.: m/z 429.1460. 

2-(2- Acetamido -2-desoxy-4,6-O-ethyliden-a,B-D-glucopyranosyl) -1-azido 
ethan (8). — Verbindung 7 (0.64 g, 1.5 mmol) wird zusammen mit Natriumazid 
(0.19 g, 3 mmol) in absol. N, N-Dimethylformamid (5 mL) fiir 6 h auf 110° erhitzt. 
Das Lésungsmittel wird im Hochvakuum abdestilliert und der feste Riickstand 
mehrmals mit Dichlormethan extrahiert. Durch Flash-Chromatographie an Li- 
chroprep Si-60 mit Laufmittel A wird 8 (0.43 g, 97%) als ein a/B-Gemisch (2:1) 
gewonnen, R,0.61 (Laufmittel A); v¥8r 840, 890, 1030, 1095, 1150, 1210, 1295, 
1390, 1550, 1645, 2110, 2910, 3420 cm~'; 'H-N.m.r. (400 MHz, CD,OD) (a-pD 
Anomer): 6 1.31 (d, 3 H, J 5 Hz, CH,CH), 1.97 (s, 3 H, CH,CONH), 1.60—2.10 
(m, 2 H, CH,CH,N;), 3.20-4.10 (m, 8 H), 4.16 (ddd, 1 H, J; , 6 Hz, H-1), 4.74 (q, 
1 H, J 5 Hz, CH,CH); (8-p Anomer, charakteristische Signale): 6 1.30 (d, 3 H, 
CH,CH), 1.98 (s, 3 H, CH,CONH). 

Anal. Ber. fiir C,,H,,N,O;: m/z 301.1512 (M + H)*. Gef.: m/z 301.1514. 

2-(2-Acetamido-2-desoxy-a,B-D-glucopyranosyl)ethylamin (9). — Verbin- 
dung 8 (150 mg, 0.5 mol) in 0.2M waBriger H,SO,-Lésung (1.5 mL) wird mit Aceton 
versetzt (1.5 mL) und das Gemisch unter Riihren auf 50° erwarmt. Nach Be- 
endigung der Reaktion (4-6 h, D.C.-Kontrolle) wird mit Dowex 1-X8 (OH7) 
Anionenaustauscher neutralisiert und die Lésung filtriert. Es werden die fliichtigen 
Bestandteile in vacuo abdestilliert, das anfallende Produkt in Methanol (5 mL) 





C-a- AND -B-GLYCOSYLDERIVATEN DER 2-ACETAMIDO-2-DESOXY-D-GLUCOSE 209 


gelést und in Gegenwart einer katalytischen Menge PtO, unter Normaldruck fiir 24 
h hydriert. AnschlieBend wird die Lésung uber Celite abfiltriert, das Methanol in 
vacuo abdestilliert und 9 (115 mg, 93%) als a,B-Gemisch (2:1) gewonnen; 'H- 
N.m.r. (400 MHz, CD,OD) (a-D Anomer): 6 1.65—1.95 (m, 2 H, CH,;CH,NH,), 
1.98 (s, 3 H, CH,CONH), 2.93-4.02 (m, tibrige H); (8-D Anomer) charakteris- 
tische Signale): 6 1.99 (s, 3 H, CH,CONH). 

Anal. (als Pentaacetat): Ber. fiir C,;,H,g.N,O,: m/z 416.1794 (M*). Gef.: m/z 
416.1788. 

3-|[2-(2-Acetamido-2-desoxy-a,B-D-glucopyranosyl)ethyl|-1-p-nitrophenyltri- 
azen (10). — Zu einer Lé6sung von Verbindung 9 (60.5 mg, 0.244 mmol) in eiskal- 
tem Wasser (1 mL) wird p-Nitrophenyldiazoniumtetrafluoroborat (27 mg, 0.122 
mmol) gegeben und die Reaktionsmischung erst fiir 10 min bei 20°, dann fiir 20 min 
bei 0° (Eisbad) geriihrt. AnschlieBend wird eiskaltes Wasser (2 mL) zugeftigt und 
die unléslichen Feststoffe abfiltriert. Die hellgelbe Reaktionsl6sung wird dreimal 
(je 3 mL) mit eiskaltem Ether (H,O-gesattigt) ausgeschittelt, um das entstandene 
Diazoniumhydroxid zu entfernen. Die etherische Phase wird verworfen und die 
waBrige noch dreimal (je 1 mL) mit eiskaltem Butanol ausgeschiittelt. Die 
butanolischen Phasen werden vereinigt und lyophylisiert; Ausb. 29 mg (30%). Das 
Produkt wird sofort in dest. Wasser gelést und so fiir die enzymatischen Ex- 
perimente verwendet; 'H-n.m.r. (D,O, 25°; charakteristische Signale): 5 7.48 (m), 
7.78 (m), 8.24 (m), 8.74 (m), 8.90 (m). 
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Fonds der Chemischen Industrie fiir finanzielle Untersttitzung. 


LITERATUR 


J. S. GLAsBy, Encyclopaedia of Antibiotics, 2. Ausg., Wiley, New York, 1979. 
T. D. INCH, Tetrahedron, 40 (1984) 3161-3213. 

3 M. L. SHULMAN, S. D. SHIYAN UND A. YA. KHORLIN, Carbohydr. Res., 33 (1974) 229-235; M. L. 
SINNOTT UND P. J. SmitH, J. Chem. Soc., Chem. Commun., (1976) 223-224. 
A. GIANNIS UND K. SANDHOFF, Tetrahedron Lett., 26 (1985) 1479-1482 und dort zitierte Literatur; 
A. GIANNIS, Dissertation Universitat Bonn, 1985. 

5 J. M. BEAU UND P. SINAY, Tetrahedron Lett., 26 (1985) 6185-6188 und dort zitierte Literatur. 

6 M. G. HOFFMANN UND R. R. SCHMIDT, Justus Liebigs Ann. Chem., (1985) 2403-2419. 
Y. A. ZHDANOV, Y. ALEXEEV UND V. G. ALEXEEVA, Adv. Carbohydr. Chem. Biochem., 27 (1972) 
227-292; R. W. MYERS UND Y. C. LEE, Carbohydr. Res., 132 (1984) 61-82. 
L. HOLMQUIST, Acta Chem. Scand., 24 (1970) 173-178. 
O. ISLER, H. GUTMANN, M. MONTAVON, R. RUEGG, G. RYSER UND P. ZELLER, Helv. Chim. Acta, 
40 (1957) 1242-1249. 

10 R. D. DAWE UND B. FRASER-REID, J. Org. Chem., 49 (1983) 522-528. 

11 M. D. Lewis, J. K. CHA UND Y. KISHI, J. Am. Chem. Soc., 104 (1982) 4976-4978; B. GIESE UND J. 
Dupuis, Angew. Chem., 95 (1983) 633-624; Angew. Chem., Int. Ed. Engl., 22 (1983) 622-623. 





210 A. GIANNIS, K. SANDHOFI 


12 M. L. SINNOTT UND P. J. SMITH, Biochem. J., 175 (1978) 525-538 

13 M. F. W. DuNKER, E. B. STARKEY UND G. L. JENKINS, J. Am. Chen. Soc., 58 (1936) 2308-2309. 
14 M. L. SINNOTT UND G. T. TzoTzos, J. Chem. Soc., Perkin Trans. 2, (1982) 1655-1664. 

15 H. J. KyTZIA UND K. SANDHOOF, J. Biol. Chem., 260 (1985) 7568-7572 





Carbohydrate Research, 171 (1987) 211-222 
Elsevier Science Publishers B.V., Amsterdam — Printed in The Netherlands 


INTRAMOLECULAR C-ARYLATION OF 2,3,5-TRI-O-BENZYL- AND 
2,3,5-TRI-O-(3-METHYLBENZYL)-PENTOFURANOSE DERIVATIVES* 


OLIVIER R. MARTIN 

Department of Chemistry, University Center at Binghamton, State University of New York, Binghamton, 
New York 13901 (U.S.A.) 

(Received February 3rd, 1986; accepted for publication, March 14th, 1986) 


ABSTRACT 


Upon treatment with tin(IV) chloride, 1-O-acetyl-2,3,5-tri-O-benzyl- and 1- 
O-acetyl-2 ,3,5-tri-O-(3-methylbenzyl)pentofuranose (D-ribo, L-arabino) undergo 
intramolecular Friedel—Crafts alkylation of the aromatic substituent at O-2 to give 
unusual internal C-glycosyi compounds (isochroman derivatives) in high yield. The 
final products are also partiaily debenzylated at O-3 or O-5 (up to 25%) under 
these conditions. By contrast, the corresponding methyl glycosides are poor sub- 
strates for the intramolecular C-arylation reaction, as methyl 2,3,5-tri-O-(3-methyl- 
benzyl)-B-D-ribofuranoside was found to give preponderantly methyl 3,5-di-O-(3- 
methylbenzyl)-a-pD-ribofuranoside (11) (49%), and the C-arylation product in 30% 


yield only in the presence of the same Lewis acid. The competitive formation of 11 
is thought to be due to the anomerization of the substrate leading to a tin(IV) 
complex coordinated with O-1 and O-2, which promoted the cleavage of the benzyl 
group at O-2. These reactions provide a novel and efficient C-arylation method and 
suggest a new approach to selectively protected D-ribofuranose derivatives. 
Evidence for the uncommon C-arylated structure of the new products was gained 
from their 'H- and °C(APT)-n.m.r. spectra. 


INTRODUCTION 


As they contain both a reactive aromatic ring and an electrophilic center, 
2-O-benzylated glycosides and analogs constitute potential substrates for intra- 
molecular Friedel-Crafts reactions. Surprisingly, although benzylated glycosyl 
carboxylates’ and halides* have been frequently used in O- and C-glycosylation 
reactions catalyzed by hard Lewis acids, such a behavior has never been observed. 
In the course of our investigations on the synthesis of novel C-glycosyl compounds, 
we have recently uncovered! the ability of benzylated glycofuranosyl acetates to 


*For preliminary reports of part of this work, see refs. 1 and 2. This work was supported by the Donors 
of the Petroleum Research Fund, administered by the American Chemical Society, and by grant CA- 
19203 from the National Cancer Institute, National Institutes of Health. 
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undergo readily intramolecular C-arylation upon reaction with a Friedel—Crafts- 
type catalyst. Further unexpected results were obtained’ when D-ribofuranose 
derivatives bearing three 3-methoxybenzyl substituents were treated with tin(IV) 
chloride, as they underwent an unprecedented intramolecular double C-arylation 
resulting from the internal alkylation of the groups at O-2 and O-3. 

In order to determine the feasibility of the intramolecular C-arylation starting 
from the more readily accessible methyl glycosides, we examined the tin(IV) 
chloride-mediated reaction of a methyl glycoside containing activated benzyl 
groups, namely methyl 2,3,5-tri-O-(3-methylbenzyl)-B-D-ribofuranoside (10), as 
well as that of the corresponding 1-O-acetylglycosyl compound 2. We wish to 
describe, in this article, the full details of our investigations on benzylated and 
3-methylbenzylated pentofuranose derivatives, provide evidence for the structure 
of the new compounds, and propose a mechanism accounting for our observations. 


CH2OMBn 


3 R=R’=Bn, R’=H 
1 R= Bn, R’=H 4 R=R”=MBn, R’=Me 
2 R= MBn, R’= Me > R=H, R’=Me R”’= MBn 


MBn= 3-Methylbenzyl 





INTRAMOLECULAR C-ARYLATION 
RESULTS AND DISCUSSION 


Treatment of 1-O-acetyl-2,3,5-tri-O-benzyl-8-D-ribofuranose (1) and -a,B-L- 
arabinofuranose (7) with tin(IV) chloride afforded, in 1-2 h at room temperature, 
the corresponding C-arylation products 3 and 8 in yields of 46 and 60%*, respec- 
tively; both reactions also gave a small amount of a more polar product (t.1.c.) that 
was isolated (21%) in the case of the arabino series and identified as the 5-O-deben- 
zylated analog of 8, compound 9. Under the same conditions, 1-O-acetyl-2,3,5-tri- 
O-(3-methylbenzyl)-8-D-ribofuranose (2) led preponderantly to a product result- 
ing, as expected, from the intramolecular alkylation of the benzyl group in para 
position with respect to the activating substituent (compound 4, 55%), as well as to 
a trace (7.7%) of the isomeric ortho-alkylation product 6. In addition, compound 
5, which arose from the debenzylation of the final product at O-3 in this case, was 
isolated in a yield of 11%. The position of the free hydroxyl function in 5 and 9 was 
revealed by the presence of HOCH,,) couplings in the 'H-n.m.r. spectrum for a 
solution in (7H)chloroform. 

Thus, as shown by the total yield of C-glycosylated products in each case, the 
intramolecular Friedel—Crafts reaction of benzylated 1-O-acetyl-glycofuranoses is 
a convenient process leading specifically to cis-substituted isochroman derivatives 
and, thereby, providing an efficient synthetic method for this heterocyclic system?. 
This process is much easier than the corresponding intermolecular C-glycosylation 
of aromatic or heteroaromatic compounds, which have been successful only with 
highly electron-rich systems, such as anisole®, di- or tri-methoxybenzene® '°, 
ferrocene®, furane®, and indole!'; the Lewis acid-catalyzed C-glucosylation of 
benzene itself and toluene required drastic conditions and led to mixtures of prod- 
ucts!*. It is interesting to note that 2,3,5-tri-O-benzyl-D-ribofuranosyl bromide 
reacted'! preferentially by an intermolecular process when treated with indole 
derivatives and silver oxide, albeit in low yield (16%). 

By contrast with that of the furanoses, the reaction of benzylated 1-O-acetyl- 
hexopyranoses with the same Lewis acid gave a mixture of several partially O-de- 
benzylated products, possibly including C-glycosyl derivatives, both in the gluco 
and in the manno series’. Further investigations are in progress to elucidate the 
behavior of these important substrates. 

The C-glycosylated structure of the final products (3, 4, and 8) is supported 
by the absence of signals of functional groups in their i.r. spectrum and by their 
lack of reactivity toward potassium permanganate, which rules out the isomeric un- 
saturated structure resulting from elimination of acetic acid (1,4-anhydro-2,3,5-tri- 
O-benzyl-D-erythro-pent-1-enitol'*.>)**, Many features of their 'H-n.m.r. spectra 


*All yields are after isolation by column chromatography, or crystallization, or both. 
**See comments in ref. 1. The data reported for this compound in refs. 14 and 15 are different and 
therefore subject to caution. 
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point toward their unusual constitution (a substituted cis-3 ,3a,5 ,9b-tetrahydro-2H- 
furo[3,2-c][2]benzopyran system): the number of aromatic protons, the chemical 
shift of H-1 (H-9b in polycyclic system) (6 4.68-4.82), and the magnitude of the 
geminal coupling constants of the benzyl methylene groups. The protons at C-5 of 
the polycyclic system exhibited indeed a |J,,,,| value consistently larger (14.5—15.1 
Hz) than that usually found in O-benzyl groups (12 Hz), a difference attributable 
to the change of the average position of the CH, group with respect to the aromatic 
m-system in the cyclic structure'®. Furthermore, the substitution pattern of the tri- 
substituted aromatic ring in compounds 4—6 was revealed by the multiplicity of the 
isolated signals of H-6 (s in 4 and 5, d in 6) and H-9 (d in 4 and 5, absent in 6) 
(polycyclic system numbering) in the 'H-n.m.r. spectra. Finally, the coupling con- 
stants for the D-ribofuranose component indicated clearly a conformation close to 
>T, or °E for the 5-membered ring, a typical conformation for 1,2-cis-fused bicyclic 
pentofuranoid systems'’ and, thus, rule out a structure which would have resulted 
from the intramolecular alkylation of the benzyl group at O-5. 

The most convincing evidence for the structure of the C-arylated products 
was provided by the 'C-n.m.r. spectra; an APT experiment performed on com- 
pounds 3 (see Fig. 1), 4, and 8 revealed indeed the presence of four aromatic quater- 








Fig. 1. '°C-N.m.r. spectrum at 125.76 MHz of compound 3 (APT-experiment). 
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nary carbons (seven in the case of 4), which demonstrated the existence of an addi- 
tional alkylation site on one of the aromatic rings; furthermore, the signal of the 
former anomeric carbon (C-9b) appeared at a much higher field (6 73-80) than in 
a normal furanoside (C-1, 6 100-110) and, thus, confirmed the C-glycosylated 
structure of the final products. 

The behavior of methyl glycoside 10 in the presence of tin(IV) chloride was 
found to be remarkably different from that of the corresponding 1-O-acetylglycose 
2; the C-arylated product 4 was obtained, indeed, in a yield of 30% oniy, the major 
product being methyl 3,5-di-O-(3-methylbenzyl)-a-D-ribofuranoside (11) (49%). 
No trace of the B-D anomer was detected. The change of chemical shift of H-2 upon 
acetylation allowed an unambiguous assignment of the position of the free OH 
group in 11. In order to explain the selective cleavage of the group at O-2, we 
suggest (see Scheme 1) that compound 10 underwent a tin(IV) chloride-mediated 
anomerization (see ref. 18 for examples of Lewis acid-catalyzed anomerization of 
methyl glycosides) to the corresponding a-D anomer which forms a favorable 
chelate with the reagent (14)*, by way of an intermediate such as 13; this inter- 
mediate also led, competitively and irreversibly, to compound 4 by an internal 
SEAr reaction. The tin(IV) complex in 14 activated the 2-benzyl ether function and 
promoted its cleavage to 3-methylbenzyl chloride and a 2-O-trichlorostanny] inter- 
mediate (15), from which 11 was formed upon hydrolytic processing. 


[MeOSnCl,] _ 


~ArCH,Cl RO 


Scheme 1. 


In light of this mechanism, the behavior of the 1-O-acetylglycoses (1, 2, and 
7) can be justified by the facts that the acetoxy group is a stronger Lewis base than 
the methoxy group, and that the acetate ion acts as a bidentate ligand yielding a 
chelate-type complex with the reagent”’, thereby allowing the intermediate corre- 
sponding to 13 to undergo an SEAr reaction exclusively. It is not excluded that a 


*This interpretation is supported by the strong affinity of tin(IV) chloride for oxygenated ligands and its 
high tendency to form hexacoordinated complexes'’. 
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glycosyl chloride might also be formed as an additional intermediate in this reac- 


tion. 

By decreasing the reactivity of the benzyl substituents towards an SEAr 
reaction it should be possible to achieve the 2-O-debenzylation of the methyl 
glycosides chemoselectively. Indeed, using 4-chlorobenzyl groups, we have been 
able to obtain exclusively the 2-O-debenzylated product; this very useful reaction 
will be described in a separate publication?'. 

In conclusion, the intramolecular C-arylation of benzylated sugars afforded a 
novel method for the creation of a carbon—carbon bond between the anomeric 
center and an aromatic system, an unusual structural feature present in natural 
products such as C-glycosyl flavonoids and several antitumor antibiotics (nogala- 
mycin, chromoxymycin, etc.). Because of the presence of this linkage, the synthesis 
of these materials is extremely difficult, and the intramolecular C-arylation method 
should provide a useful tool in this field. 


EXPERIMENTAL 


General methods. — Melting points were determined on a Fisher—Johns ap- 
paratus or on a Thermolyne microscope apparatus and are uncorrected. Optical 
rotations were measured with a Perkin-Elmer model 243 automatic polarimeter 
for solutions in a 0.1-dm ceil at 22 +3°. Lr. spectra were recorded with a Perkin— 
Elmer 283B spectrophotometer. 'H-N.m.r. spectra were recorded at 60, 300, 360, 
or 400 MHz, and °C-n.m.r. spectra at 125.76 MHz, for solutions in (*H)chloroform 
with tetramethylsilane as the internal standard; chemical shifts (6) are given 
downfield from the signal of Me,Si. Chemical shifts and coupling constants were 
obtained from first-order analyses of the 'H-n.m.r. spectra. °C-N.m.r. spectra were 
recorded in the APT-mode; (+) and (—) are used to indicate positive (quaternary 
and methylene) and negative (methine and methyl) amplitude of the signals. Mass 
spectra were recorded on a g.|.c.—m.s. HP-5995 system using the direct inlet probe. 

Analytical t.l.c. was performed on precoated glass-plates with Merck silica 
gel 60 F-254 as the adsorbent (layer thickness 0.25 mm). The developed plates 
were air dried and irradiated with u.v. light, or sprayed with a solution of ammo- 
nium phosphomolybdate~ (or both), and heated at 120—140°. Column chromatog- 
raphy was performed on silica gel 60 (70-230 mesh) and flash chromatography” on 
silica gel 60 (230-400 mesh). The following solvent systems (v/v) were used; (A) 
1:3, (B) 1:2, (C) 1:1, (D) 2:3, (E) 2:1, and (F) 3:2 ether—hexanes. Solvents were 
evaporated under reduced pressure and below 40°. The C-arylated compounds are 
numbered as given in Scheme 2. 


2CH20R 


Scheme 2. 
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Methyl 2,3,5-tri-O-(3-methylbenzyl)-B-D-ribofuranoside (10). — Pentane- 
washed NaH (0.5 g, 20.8 mmol) was added to dry dimethyl sulfoxide (20 mL) and 
the mixture stirred for 30 min at 25°. A solution of crude methyl D-ribofuranoside** 
(B:a ~10:1) (1.0 g, 6.09 mmol) in dimethyl sulfoxide (5S mL) was then carefully 
added, followed by 3-methylbenzyl chloride (2.8 mL, 21 mmol). After 2 h at 25°, 
the excess of reagent was removed by addition of methanol (1 mL), and the mixture 
poured into a separatory funnel containing ether (100 mL) and ice (50 g). The 
organic phase was separated, the aqueous phase washed with ether (50 mL), and 
the combined organic phases dried (Na,SO,) and evaporated. The syrupy residue 
was submitted to flash chromatography (A) which afforded 10 (1.64 g, 57%); an 
analytical sample was obtained by column chromatography (B); syrup, [a]§° +26.5° 
(c 1.2, chloroform); t.l.c. (C) Rp 0.53; vilm 3020, 2915, 2860, 1610, 1593, 1490, 1460, 
1358, 1157, 1105, 1075, 1030, 945, 775, 740, and 690 cm~!; 'H-n.m.r. (60 MHz): 6 
2.37 (s, 9 H, 3 ArCH,), 3.37 (s, 3 H,, OCH), 3.63 (m, 2 H, H-5A,5B), 3.90 (dd, 
1H, J, , 1.0, J, 4.5 Hz, H-2), 4.08 (dd, 1 H, J; , 6.8 Hz, H-3), 4.38 (m, 1 H, H-4), 
4.55, 4.62 and 4.68 (3 s, 3 H,, 3 ArCH,), 5.00 (br. s, 1 H, H-1), and 7.28 (br. s, 12 
H, 3 MeC,H,CH,); m.s.: m/z 105 (100%), 79 (4), 77 (3), 103 (3), 135 (3), 209 (3), 
91 (2), 143 (2), 281 (2), . . ., 339 (0.2, [M — C,H, — CH,OH]*), and 371 (<0.1, 
[M — C;H,]*). 

Anal. Calc. for CyH,O; (476.61): C, 75.60; H, 7.61. Found: C, 75.58; H, 
7.63. 

1-O-Acetyl-2,3,5-tri-O-(3-methylbenzyl)-B-D-ribofuranose (2). — A solution 
of 10 (1.0 g, 2.1 mmol) in a mixture of peroxide-free 1,4-dioxane (25 mL) and M 
aqueous HCl (10 mL) was heated at reflux for 3 h. The mixture was cooled down 
and made neutral with M aqueous NaOH. The organic solvent was evaporated 
under reduced pressure, the remaining mixture extracted with chloroform (25 mL), 
the organic phase washed with saturated aqueous NaHCO, (10 mL), then with 
water (10 mL), dried (Na,SO,), and evaporated. The syrupy residue was submitted 
to flash chromatography (C) which afforded pure 2,3,5-tri-O-(3-methylbenzyl)-D- 
ribofuranose (0.74 g, 76%), t.l.c. (C) R, 0.26; vilm 3410 cm~! (OH). Acetylation of 
this material with acetic anhydride (2 mL) in pyridine (6 mL) afforded, after stand- 
ard processing, a quantitative yield of 1-O-acetyl derivative 2. An analytical sample 
was obtained by column chromatography (B) and crystallization from ether— 
hexanes; m.p. 39-41.5°, [a]Z° +51° (c 1.2, chloroform), t.l.c. (C) R, 0.44; vilm 3020, 
2920, 2865, 1745 (C=O), 1610, 1593, 1490, 1460, 1230, 1100, 1040, 1010, 945, 775, 
747, and 690 cm~!; 'H-n.m.r. (60 MHz): 6 1.93 (s, 3 H, COCH;), 2.35 (s, 9 H, 3 
ArCH,), 3.67 (m, 2 H, H-5A,5B), 3.96 (d, 1 H, J, , ~0, J, 34.2 Hz, H-2), 4.16 (dd, 
1 H, J;, 7.5 Hz, H-3), ~4.37 (m, 1 H, H-4), 4.50 (br. s, 2 H), 4.54 (s, 2 H) and 
4.69 (AB, 2 H) (3 ArCH,), 6.27 (s, 1 H, H-1), and 7.23 (m and s, 12 H, 3 
MeC,H,CH,); m.s.: m/z 105 (100%), 43 (14), 106 (11), 79 (5), 77 (4), 143 (4), 103 
(3), 119 (3), 91 (3), 121 (2), . . ., and 339 (0.4, [M — C,H, — CH,COOH]*). 

Anal. Calc. for C,,H,,0, (504.62): C, 73.79; H, 7.19. Found: C, 73.61; H, 
7.03. 
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(2R,3R,3aS, 9bR) -3-Benzyloxy-2-benzyloxymethyl-3,3a,5,9b-tetrahydro-2H- 
furo[3,2-c][2|benzopyran (3). — To a solution of 1-O-acetyl-2,3 ,5-tri-O-benzyl-B-D- 
ribofuranose?> (1) (209.5 mg, 0.45 mmol) (prepared by acetylation of 2,3,5-tri-O- 
benzyl-p-ribofuranose**°) in dry dichloromethane (4 mL), was added under N,, a 
10% (v/v) solution (0.65 mL, 0.56 mmol) of SnCl, in dichloromethane, and the 
mixture stirred for 1.5 h at room temperature. The reagent was then removed by 
the addition, at 0°, of saturated aqueous NaHCO,. Dichloromethane (10 mL) was 
added, the organic phase separated, washed with water (5 mL), dried (Na,SQO,), 
and evaporated. The residue was submitted to column chromatography (D) which 
afforded crystalline 3 (84 mg, 46%). A sample was recrystallized from chloroform— 
ether—hexane, m.p. 111—112°, [a]° +80° (c 0.87, chioroform); t.l.c. (C) Rp 0.37; 
yXBr 3025, 2950, 2915, 2890, 2870, 2790, 1610, 1497, 1457, 1350, 1125, 1085, 1070, 
1058, 1043, 740, and 693 cm~!; 'H-n.m.r. (300 MHz): 5 3.54 (dd, 1 H, J, 5-4 3.7, 
Jy4.2p 11.0 Hz, H-2’A), 3.70 (dd, 1 H, J, >, 2.2 Hz, H-2'B), 4.08 (dd, 1 H, J; 3, 
3.9, Ja op 2-9 Hz, H-3a), 4.19 (ddd, 1 H, J, , 8.8 Hz, H-2), 4.27 (dd, 1 H, H-3), 4.45 
(d, 1 H, J 12 Hz), 4.57 (d, 1 BK), and 4.57 (AB, 2 H, J 12 Hz, 2 OCH,C,H;), 4.68 
(d, 1 H, H-9b), 4.70 (d, 1 H, Js 5p 15.1 Hz, H-5A), 4.85 (d, 1 H, H-5B), 7.00 (m, 
1 H), 7.15—7.35 (several m, 12 H), and 7.38 (m, 1 H) (2 OCH,C,H,, H-6-9); °C- 
n.m.r.: 5 66.78, 69.41, 72.35, and 73.30 [(+), C-2', C-5, 2 OCH,C,H,], 73.22, 
75.08, 79.09, and 79.25 [(—), C-2,3,3a,9b], 124.00 [(—), C-9], 127.19-128.19 and 
129.85 {(—), C-6-8, C-2-6 of 2 OCH,C,H.,], 131.36, 134.70 [(+), C-9a,5a], 137.77, 
and 138.30 [(+), C-1 of 2 OCH,C,H,]; m.s.: m/z 91 (100%), 131 (19), 65 (9), 92 
(8), 132 (7), 105 (6), 43 (5), 104 (4), 77 (4), 133 (4), . . ., 311 (2, [M — C,H,]*), 
and 402 (0.1, [M]*). 

Anal. Calc. for C,,H,,O, (402.49): C, 77.59; H, 6.51. Found: C, 77.53; H, 
6.82. 

Reaction of 2 with SnCl,. — 1-O-Acetylribose 2 (250 mg, 0.495 mmol) was 
treated with SnCl, (1 equiv.) as described for the preparation of 3. Separation of 
the processed reaction mixture by column chromatography (solvent B, then C after 
elution of major product) afforded, in order of elution, pure 6 (17 mg, 7.7%), 4 
(120 mg, 55%), and § (19 mg, 11.3%). 

(2R,3R, 3aS, 9bR) -3,3a,5,9b- Tetrahydro-7-methyl-3-(3-methylbenzyloxy) -2- 
(3-methylbenzyloxymethyl)-2H-furo[3,2-c|[2|benzopyran (4). — Syrup, [a]§° +70° 
(c 1.2, chloroform), t.l.c. (C) R, 0.39; vilm 3020, 2910, 2860, 1610, 1450, 1357, 1157, 
1115, 1063, 780, and 692 cm~!; 'H-n.m.r. (360 MHz): 6 2.32, 2.338 and 2.342 (3 s, 
9H, 3 ArCH,), 3.61 (dd, 1 H, J 44 3.3, Joa 9p 11.1 Hz, H-2'A), 3.77 (dd, 1 H, 
J5 9p 2.1 Hz, H-2’B), 4.11 (t, 1 H, Jz.3, 4.1, J34.9, 2-9 Hz, H-3a), 4.26 (td, 1 H, J; , 
8.6 Hz, H-2), 4.31 (dd, 1 H, H-3), 4.49 (d, 1 H, J 11.9 Hz) and 4.60 (d, 1 H), 4.59 
(d, 1 H, J 11.9 Hz) and 4.72 (d, 1 H) (2 AB, 2 OCH,Ar), 4.58 (d, 1 H, J54 5p 14.7 
Hz, H-5A), 4.73 (d, 1 H, H-9b), 4.88 (d, 1 H, H-5B), 6.89 (s, 1 H, H-6), 7.08-7.27 
(several m, 9 H, H-8, 2 MeC,;H,CH,), and 7.33 (d, 1 H, Jg, 7.8 Hz, H-9); 8C- 
n.m.r.: 6 21.16, 21.29 [(—), 3 ArCH,], 66.83, 69.46, 72.45 and 73.40 [(+), C-2’, 
C-5, 2 OCH,Ar], 73.12, 75.21, 79.15 and 79.25 [(—), C-2,3,3a,9b], 124.48, 124.64, 
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and 124.94 [(—), C-9, C-6 of 2 CH,C,H,Me]}, 128.03—128.62 and 129.77 [(—), C-6— 
C-8, C-2 and C-4,5 of 2 CH,C,H,Me], 128.49, 134.60 [(+), C-9a,Sa], 137.74 (2 C), 
137.82, 137.95, and 138.28 ;(+), C-1 and C-3 cf 2 CH,C,H,Me]; m.s.: m/z 105 
(100%), 145 (31), 146 (11), 106 (10), 119 (7), 79 (6), 147 (5), 187 (5), 339 (5, [M — 
C,H,]*), 175 (3), . . ., and 444 (1, [M]*). 

Anal. Calc. for C,9H,,0, (444.57): C, 78.34; H, 7.26. Found: C, 78.40; H, 
7.36. 

(2R,3R,3aS, 9bR)-3,3a,5,9b- Tetrahydro-3-hydroxy-7-methyl-2-(3-methylben- 
zyloxymethyl)-2H-furo[3,2-c|[2|benzopyran (5). — Recrystallized from ether- 
hexane, m.p. 82.5-84°, [a]Z° 0° (c 0.7, chloroform); t.l.c. (C) Rp 0.14; v&8r 3370 
(OH), 3020, 2920, 2860, 1615, 1433, 1370, 1130, 1092, 1065, 990, 788, 695, and 660 
cm~!; 'H-n.m.r. (360 MHz): 6 2.33 and 2.35 (2s, 6 H, 2 ArCH,), 2.67 (br. d, 1 H, 
J; oH ~10 Hz, HO-3), 3.69 (dd, 1 H, Jy 5-4 4.1, Joa 9p 10.7 Hz, H-2’A), 3.78 (dd, 
1 H, J, >, 2.9 Hz, H-2’B), 4.01 (ddd, 1 H, J, , 8.5 Hz, H-2), 4.19 (dd, 1 H, J; 3, 4.5, 
J3,. 9) 3-3 Hz, H-3a), 4.47 (br. td, 1 H, H-3), 4.60 (AB, 2 H, J 12 Hz, OCH,Ar-2’), 
4.65 (d, 1 H, Js4 sp 14.7 Hz, H-5A), 4.82 (d, 1 H, H-9b), 4.84 (d, 1 H, H-S5B), 6.89 
(s, 1 H, H-6), 7.08-7.19 (m, 4H, MeC,H,CH,), 7.23 (d, 1 H, J, . 7.8 Hz, H-8), and 
7.37 (d, 1 H, H-9); m.s.: m/z 105 (100%), 131 (51), 175 (47), 146 (45), 147 (40), 
145 (38), 119 (34), 159 (26), 91 (26), 117 (23), . . ., 235 (7.6, [M — C,H,]*), and 
340 (2.6, [M]t*). 

Anal. Calc. for C,,H,,0, (340.42): C, 74.09; H, 7.11. Found: C, 73.63; H, 
7.06. 

(2R,3R,3aS, 9bR) -3,3a,5,9b- Tetrahydro -9-methyl-3-(3-methylbenzyloxy) -2- 
(3-methylbenzyloxymethyl)-2H-furo[3,2-c][2|benzopyran (6). —- Syrup, [a]° +54° 
(c 0.52, chloroform); t.l.c. (C) R, 0.46; v¥8r 3020, 2915, 2860, 1605, 1465, 1345, 
1155, 1115, 1080, 1060, 920, 770, 730, and 690 cm~'; 'H-n.m.r. (360 MHz): 6 2.35 
(s, 6 H) and 2.43 (s, 3 H) (3 ArCH,), 3.63 (dd, 1 H, Jz 94 ~3.5, Joa 9p ~10.5 Hz, 
H-2’A), 3.77 (dd, 1 H, J,>, ~2 Hz, H-2’B), 4.08 (dd, J;3, ~3.5, Jz, ~2 Hz, 
H-3a), 4.30 (m, 1 H, J, , ~8 Hz, H-2), 4.36 (dd, 1 H, H-3), 4.58 (AB, 2 H, J ~12 
Hz, OCH,Ar), 4.62 (d, 1 H, J ~12 Hz), and 4.75 (d, 1 H) (AB, OCH,Ar), 4.62 (d, 
1 H, H-SA), 4.80 (d, 1 H, H-9b), 4.93 (d, 1 H, J54 53 ~i5 Hz, H-5B), 6.90 (d, 1 H, 
J,7 7.4 Hz, H-6), and 7.08-7.23 (several m, 10 H, H-7,8, 2 MeC,H,CH,); m.s.: m/z 
105 (100%), 145 (29), 106 (10), 146 (9), 119 (8), 79 (8), 77 (8), 91 (6), 103 (6), 118 
(5),..., 339 (0.6, [M — C,H,]*), 444 (0.1, [M]*). 

Anal. Calc. for C,9H3,0, (444.57): C, 78.34; H, 7.26. Found: C, 78.39; H, 
7.36. 

(2S, 3S, 3aS, 9bR) -3- Benzyloxy -2-benzyloxymethyl-3,3a,5,9b-tetrahydro-2H- 
furo[3,2-c][2|benzopyran (8). — 1-O-Acetyl-2,3,5-tri-O-benzyl-L-arabinofuranose7’ 
(7) (a/B ~3:1) (300 mg, 0.65 mmol) was treated with SnCl, (1 equiv.) as described 
for the preparation of 3. The processed reaction mixture was submitted to column 
chromatography (solvent B, then C) which afforded 157 mg (60%) of pure 8 and 
43 mg (21%) of its 5-O-debenzylated analog (9). Compound 8: syrup, [a@]j° —5.4 
+1°(c 1.1, chloroform); t.l.c. (C) Rp 0.59; vil™ 3030, 2900, 2860, 1605, 1587, 1496, 


max 
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1454, 1370, 1205, 1090 (br.), 740, and 693 cm~!; 'H-n.m.r. (400 MHz): 6 3.61 (dd, 
1 H, J, 5-4 6.0, Jy, 93 10.0 Hz, H-2'A), 3.65 (dd, 1 H, J, >, 6.0 Hz, H-2’B), 4.00 
(d, 1 H, J;,, <0.5, J, , 4.0 Hz, H-3), 4.21 (d overlapping br. q, 2 H, J3, 9, 3.0 Hz, 
H-3a, H-2), 4.54 (AB, 2 H, J 12.0 Hz, OCH,C,H,), 4.64 (d, 1 H, Js, 5p 14.5 Hz, 
H-5A), 4.65 (AB, 2 H, J 12.0 Hz, OCH,C,H,), 4.75 (d, 1 H, H-9b), 4.76 (d, 1 H, 
H-5B), 7.05 (m, 1 H), 7.23—7.36 (several m, 12 H), and 7.48 (m, 1 H) (H-6~9, 2 
CH,C,H;); °C-n.m.r.: 5 67.17, 70.61, 72.02, and 73.30 [(+), C-2’, C-5, 2 
OCH,C,H.,], 74.11, 81.34, 82.98, and 86.71 [(—), C-2,3,3a,9b], 124.08 [(—), C-9], 
127.22-128.32 and 130.31 [(—), C-6-8, C-2-6 of 2 OCH,C,H.,], 130.44, 134.88 [(+), 
C-9a,5a], 137.68, and 138.15 [(+), C-1 of 2 OCH,C,H,]; s.m.: m/z 91 (100%), 131 
(17), 65 (10), 105 (10), 132 (9), 92 (9), 77 (7), 145 (6), 133 (5), 104 (5), .. ., 311 
(0.4, [M — C,H,]*), and 402 (0.3, [M]*). 

Anal. Calc. for C,,H,,O, (402.49): C, 77.59; H, 6.51. Found: C, 77.15; H, 
6.57. 

(2S, 3S, 3aS, 9bR) - 3 - Benzyloxy - 3,3a,5, 9b - tetrahydro - 2 - hydroxymethyl -2H- 
furo[3,2-c|[2|benzopyran (9). — Recrystallized from ether—hexane, m.p. 72—73°, 
[a]A° —51° (c 0.53, chloroform); t.l.c. (C) R, 0.23; vilm 3460 (OH), 3030, 2860, 
1605, 1590, 1495, 1455, 1370, 1205, 1090, 1050 (br.), 875, 802, 740, and 695 cm~'; 
'H-n.m.r. (400 MHz): 2.11 (br. m, 1 H, HO-2’), 3.71 (br. ddd, 1 H, J,54 4.5, 
Jy4 on 9-5, Joa 9p 11.5 Hz, H-2'A), 3.85 (br. dt, 1 H, Jz 98 3, Jxg on 3 Hz, H-2’B), 
4.10 (d, 1H, J, ; 4.0, J; ,, <0.5 Hz, H-3), 4.16 (br. q, 1 H, H-2), 4.21 (d, 1 H, J3, 9, 
2.8 Hz, H-3a), 4.65 (d, 1 H, J 11.8 Hz) and 4.72 (d, 1 H) (AB, OCH,C,H;), 4.69 
(d, 1 H, Js, 5p 15.0 Hz, H-5A), 4.78 (d, 1 H, H-9b), 4.81 (d, 1 H, H-5B), 7.08 (m, 
1 H), 7.28—7.40 (several m and d, 7 H), and 7.46 (m, 1 H) (H-6-9, CH,C,H,); m.s.: 
m/z 91 (100), 131 (74), 132 (27), 105 (18), 133 (14), 65 (11), 104 (10), 92 (9), 103 
(8), 77 (8), . . ., 221 (0.2 [M — C.H,]*), and 312 (0.1, [M]*). 

Anal. Calc. for C,gH 5,0, (312.37): C, 73.05; H, 6.45. Found: C, 71.89 (three 
samples); H, 6.62. 

Methyl 3,5-di-O-(3-methylbenzyl)-a-D-ribofuranoside (11). — Methyl 2,3,5- 
tri-O-(3-methylbenzyl)-8-D-ribofuranoside (10) (300 mg, 0.63 mmol) was treated 
with SnCl, (1 equiv.) as described for the preparation of 3. The processed mixture 
was submitted to column chromatography (solvent B, changed to D, then to C) 
which afforded, in order of elution, an unidentified impurity [6.8 mg; R, (C) 0.51], 
compound 4 (85 mg, 30%), and compound 11 (115 mg, 49%); an analytical sample 
of 11 was obtained by column chromatography (F), syrup, [a]§° +108° (c 1.48, 
chloroform); t.l.c. (C) R, 0.21; vm 3550 (OH), 3020, 2920, 2860, 1607, 1590, 1455, 
1413, 1355, 1090, 1030, 780, 740, and 690 cm~!; 'H-n.m.r. (400 MHz): 6 2.32 and 
2.35 (2s, 6 H, 2 ArCH;), 2.97 (br., 1 H, HO-2), 3.38 (dd, 1 H, J4 54 4.5, Jsa sp 10.5 
Hz, H-5A), 3.46 (dd, 1 H, J, 5, 4.0 Hz, H-5B), 3.48 (s, 3 H, OCH,), 3.79 (dd, 1 H, 
J, 37.0, J; 43.1 Hz, H-3), 4.12 (br., 1 H, H-2), 4.17 (q, 1 H, H-4), 4.46 (AB, 2 H, 
J 12.0 Hz), 4.55 (d, 1 H, J 12.0 Hz) and 4.69 (d, 1 H) (2 OCH,Ar), 4.89 (d, 1 H, 
J, 24.8 Hz, H-1), 7.09 (m, 6 H), and 7.21 (m, 2 H) (2 CH,C,H,CH,); m.s.: m/z 105 


(100%), 106 (15), 77 (8), 79 (8), 103 (5), 91 (4), 121 (4), 45 (3), 131 (2), 147 (2), 





INTRAMOLECULAR C-ARYLATION 


, and 267 (0.2, [M — C,H]*). 

Anal. Calc. for C,,H,,.O,; (372.46): C, 70.95; H, 7.58. Found: C, 70.71; H, 
7.55. 

Methyl 2-Q-acetyl-3,5-di-O-(3-methylbenzyl)-a-D-ribofuranoside (12). — 
Compound I1 was acetylated under standard conditions; the resulting product (12) 
was purified by preparative t.l.c. (solvent C); syrup, t.l.c. (EF) R, 0.54 (note: 11 has 
R,0.51 in solvent E); vim 3020, 2920, 2860, 1742 (C=O), 1610, 1490, 1457, 1375, 


max 


1240, 1125, 1090, 1065, 1040 (br.), 780, 743, and 695 cm~!; 'H-n.m.r. (60 MHz): 6 
2.28 (s, 3 H, OCOCH;,), 2.37 and 2.41 (2 s, 6 H, 2 ArCH,), 3.54 (s and m, 5 H, 
OCH,, H-5A,5B), 4.06 and 4.23 (2 m, 2 H, H-3,4), 4.52 (s, 2 H) and 4.58 (AB, 2 
H, J 12 Hz) (2 OCH,Ar), 4.95 (dd, 1 H, J; 5 4.5, J, 3 6.5 Hz, H-2), 5.16 (d, 1 H, 
H-1), and 7.23 (br. s, 8 H, 2 CH,C,H,Me); m.s.: m/z 105 (100%), 43 (32), 106 
(13), 103 (8), 79 (6), 77 (6), 191 (5), 121 (5), 135 (4), 119 (4), . . ., 309 (0.5, [M — 
C,H,]*), and 382 (0.5, [M — CH,OH]*). 
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ABSTRACT 


Reactions of allylsilanes with methyl pyranosides and pyranosyl chlorides 
proceeded very smoothly in the presence of a catalytic amount of trimethylsilyl 
trifluoromethanesulfonate and iodosilane to give the corresponding glyco- 
oyranosyl-3-propenes in highly stereoselective mode. The configuration depends 
upon the structure of allylsilanes. 2-Bromo-2-propenyltrimethylsilane, the lowest 
nucleophile among the allylsilanes used, afforded an almost pure C-a-D-glycosyl 
compound. 


INTRODUCTION 


Recently, much attention! has been focused on the stereoselective synthesis 
of pyranosyl and furanosyl compounds substituted by a functionalized alkyl group 
at C-123, since the products of the reaction can be used not only as chiral building 
blocks for the synthesis of naturally occurring compounds‘, but also as precursors 
to biologically active C-nucleosides and enzyme inhibitors, and as subunits of 
natural products>. In this direction, a number of efforts are currently being devoted 
to the direct formation of a carbon-carbon bond at the anomeric center of carbo- 
hydrates® (Scheme 1). Although the stereoselectivity depends upon the nature of 
the nucleophile reagent and leaving group, the activator also plays an important 
role in the functionalized alkylation using organosilicon reagents. We have recently 


Activator 
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shown that a,a-diheteroatom-substituted alkanes (R'R*CXY; X, Y = RO, RS, 
R,N, and Hal) are activated chemoselectively by trimethylsilyl trifluoromethane- 
sulfonate (Me,SiOTf) (9) and iodotrimethylsilane (10) to react with silyl enol 
ethers, ketene silyl acetals, and allylsilanes’~'° and, especially, cyclic a- 
chloroethers, such as 2-chlorooxolane and 2-chlorooxane (a-chlorotetrahydropy- 
ran) display high reactivity towards allylsilanes’*. Moreover, during the present 
work, we have found that the method can be applied to the activation of N-(tri- 
methylsilylmethyl)aminomethyl ethers that function as efficient synthons for synth- 
etically important, nonstabilized azomethine ylides!'. 

We report herein the use of allylsilanes as excellent reagents for the 
stereoselective introduction of functionalized allyl groups at the anomeric center of 
carbohydrates in the presence of Me,SiOTf (9) (ref. 12) and iodosilane (10). 


Me 3SiOTE (9) 
or Me.SiI (10) 


RESULTS AND DISCUSSION 


The reaction of 2-propenyltrimethylsilane (5) with methyl 2,3,4,6-tetra-O- 
benzyl-a-D-glucopyranoside (1) proceeded very smoothly in the presence of 
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Me,SiOTf (9) in acetonitrile to give, highly stereoselectively in good yield, the a-D- 
glucopyranosylpropene 11. The results and those with other allylsilanes (6-8) are 
summarized in Table I. The choice of solvent and the amount of activator are 
important for the success of this reaction. Thus, acetonitrile gave the most 
satisfactory results whereas dichloromethane, which is the most commonly used 
solvent for the activation of a,a-diheteroatom-substituted alkanes’~'°, was not 
suitable for the reaction. Although less than 10 mol of the catalyst 9 or 10/100 mol 
had been sufficient previously to activate a,a-dihetereoatom-substituted alkanes, 
the present reaction required 20—SO mol of 9/100 mol, presumably owing to inter- 
action with other oxygen-functional groups in the molecule, in addition to the 
activation of the anomeric methoxy group. Apparently, 9 is a more efficient catalyst 
than 10 since the latter is known as a reagent for bond cleavage of the ether 
linkage!>. 

Compound 11 could be obtained from the reaction of 5 with 2,3,4,6-tetra-O- 
benzyl-a-D-glucopyranosyl chloride (2) catalyzed by 9 in a ratio of the two 
stereoisomers (a@:8, 91:9) approximately similar to that obtained from 1. In this 
case, even less than 20 mol of 9/100 mol as the activator was sufficient to complete 
the catalytic cycle. Apparently the pyranosyl chloride was a more reactive substrate 
under the present allylation conditions, though the stereoselectivity was un- 


changed. 


TABLE | 
STEREOSELECTIVE SYNTHESIS OF 3-(D-GLYCOPYRANOSYL)PROPENES 


Reactant Allylsilane Conditions Product Yield Ratio a- to 
(% )4 B-D anomer? 


Activator Time (h) 


9 16 11 86 (91:9) 
35° 11 54(23) (91:9) 
684 11 Trace (91:9) 
48 11 24 (91:9) 
27 11 60(22) (91:9) 
10 12 87 (86:14) 
24 13 68 f 
16 14 71 (100:0) 
6.5 11 81 (91:9) 
16 11 75 (91:9) 
25 17 87 (100:0) 
23 17 68(20) (100:0) 
& 18 81 (89:11) 
12 19 45(35) (100:0) 
4 17 80 (100:0) 

10 20 19 65 (100:0) 


ee ee eee ee ee ee ee ee 
Amman eA wMUUu Uw 


> & Ww 
- Tes 


“Recovered 1 is shown in parentheses. "Determined by I.c. ‘20 mol% of 9/100 mol was used. “The 
reaction was conducted in dichloromethane. ‘BF,-OEt, was used as the activator. ‘Presumably 13 was 
a mixture of four diastereoisomers. 
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Methyl 2,3,4,6-tetra-O-benzyl-a-D-mannopyranoside (3) and 2,3,4,6-tetra-O- 
benzyl-a-D-mannopyranosyl chloride (4) also reacted with allyltrimethylsilane (5), 
when very smoothly catalyzed by 9 and 10, to afford the corresponding C-manno- 
pyranosyl compound 17 with high stereoselectivity. The B-D anomer could not be 
detected by chromatographic and spectroscopic analysis. 

From the results obtained with 1, it could be concluded that the configuration 
at C-1 depends significantly upon the structure of the allylsilanes, but not upon the 
leaving group and the catalyst. Thus, use of 2-bromo-2-propenyltrimethylsilane'* 
(8) resulted in a high selectivity for the a-D configuration at C-1 of 1, whereas the 
B-D selectivity increased slightly with 2-methyl-2-propenyltrimethylsilane (6). How- 
ever, it is important to point out that the B-D anomer was preponderant in all cases. 
The main factors controlling the configuration at C-1 in the present reaction are: 
(a) the stereoelectronic effect due to the lone-pair electrons of the ring oxygen 
atom, (b) the solvent effect, (c) the nature of the nucleophilic reagent, and (dc) the 
steric effect. 

Since the stereoselectivity of the products did not depend upon the leaving 
group at C-1 and the catalyst, it is reasonable to assume that the free oxonium ion 
21 is the intermediate and that the nucleophilic attack of the allylsilanes 5-8 to give 
22 takes place from the axial direction owing to the stereoelectronic effect!» 
(Scheme 2). Moreover, undoubtedly acetonitrile accelarated the formation of the 
free oxonium ion (21) owing to the association of the solvent. 


Q 
eA 


Nu 


22 


Scheme 2 


The third condition for stereocontrol, the reactivity of the nucleophilic 
reagents, may also be considered. The a-D selectivity was decreasing gradually with 
the increasing nucleophilicity of the allylsilanes, in the order 6 > 5 > 8. The nucieo- 
philicity of 5-8 was determined by the following competitive experiment. When a 
mixture of a large excess of 5, 6, and 8 was treated with benzaldehyde di- 
methylacetal, catalyzed by 9, the corresponding allylated products, 23 and 24, were 
obtained in 27 and 65% yield, respectively. 2-Bromo-4-methoxy-4-phenylbutene 
(25), which might have derived from 8, could not be detected in the reaction 
mixture. 


5, 6, 8 > PhCHCH,CH=CH, + PhCHCH,C=CH, + PhCHCH,C=CH, 
| | | | | 
OMe OMe CH, OMe _ Br 
23 (27%) 24 (65%) 25 (0%) 
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The high stereoselectivity observed in the D-mannose rather than in the D- 
glucose series may be explained by the difference in steric hindrance of the 
benzyloxy group at C-2 between the two series. Thus, the reaction of both gluco- 
pyranosides and mannopyranosides with allylsilanes may be important in organic 
synthesis to obtain C-glycosylpropenes with the a-pD configuration in a highly 


stereoselective mode. 

The structures of these compounds could be readily assigned by comparing 
the spectral data and chromatographic behaviors with those of authentic samples. 
Furthermore, the configuration at C-1 was confirmed by 200-MHz, 'H-n.m.r. 
spectroscopy. Thus, after the major stereoisomer of the tetrabenzy! derivatives 11- 
14 and 17-19 was isolated from the reaction mixture by l.c., it was converted into 
its tetraacetate by hydrogenolysis in the presence of palladium—carbon followed by 
acetylation with acetic anhydride and pyridine. (See Experimental for 15 and 16). 
The tetraaceta*e was purified by t.l.c. On the basis of the J; , value (~6 Hz) of the 
200-MHz, 'H-n.m.r. spectrum, the acetate was characterized as an a-D anomer, 
the J, , value of the a-D anomer being smaller than that of the B-D anomer?. Thus, 
the preponderant compounds of the reaction were the a-D anomers. The 'H-n.m.r. 
data are quite similar to those of the products obtained by the addition reaction of 
a pyranosyl radical to acrylonitrile which gave a-D anomers!>. Furthermore, the 
values of the specific rotations of the a-D anomers were larger than those of the B-D 
anomers, well in accord with the values for anomers in the D-series of carbo- 
hydrates'®. 


EXPERIMENTAL 


Methods. — Optical rotations were measured with an Union Tec. PM-101 
automatic polarimeter. I.r. spectra were recorded with a Hitachi EPI-G2 spectro- 
meter; 'H-n.m.r. spectra with a Varian T-60, EM-390, and XL-200 spectrometers; 
and mass spectra with a JEOL JMS-300D GC-MS spectrometer. 

Materials. — Allylsilanes'’~'° (5-8) and other organosilicon reagents”?! (9, 
10) were prepared according to methods described in the literature. 2-Propenyl- 
trimethylsilane (5) had b.p. 84.5-85.5°, lit.'’ 84.9° (98 kPa); and 2-methyl-2- 
propenyltrimethylsilane (6) b.p. 108°, lit."* 109° (100 kPa). 2-Butenyltrimethyl- 
silane! (7), b.p. 6°, was prepared by the fluoride ion-promoted isomerization of a 
mixture of 2-methyl-2-propenylsilane and 2-butenylsilanes. Trimethylsilyl trifluoro- 
methanesulfonate (9), b.p. 56-60° (3.5 kPa), lit.2° 45-47° (2.3 kPa). Iodotrimethyl- 
silane (10) was prepared, by an in situ method?!, from hexamethyldisilane and I,. 
Compounds 1-4 were prepared by procedures cited in the literature??~**. 

2-Bromo-2-propenyltrimethylsilane (8). — 2,3-Dibromopropene (120 g, 0.60 
mol) was treated” with trichlorosilane (97.5 g, 0.72 mol) and triethylamine (61.0 g, 
0.60 mol) in the presence of CuCl, (3.0 g, 0.03 mol) in dry ether (250 mL). The 
resulting ammonium salt was removed by filtration and the filtrate was methylated 
with an excess of methylmagnesium bromide in ether. After work-up, pure 8 (66.4 
g, 0.35 mol) was obtained by distillation (57% yield), b.p. 74~-75° (87 kPa); lit.” 
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64-65°) (52 kPa); vOC* 3060 (m), 1670 (s), 1300 (s), 1240 (m), 1210 (m), 1130 (m), 
and 900 cm~! (s); 'H-n.m.r. (60 MHz, CCl,): 6 0.19 (s, 9 H), 2.17 (m, 2 H), and 
5.19 (m, 1 H); m.s.: m/z 194 (6), 192 (M*, 6), 139 (27), 74 (9), 73 (100), and 45 (10). 

C-Allylation of compounds 1-4. — General procedure. In a 50-mL flask, 
equipped with a dropping funnel and a Dimroth condenser with a drying tube, 
were placed, under an N, atmosphere, compounds 1, 2, 3, or 4 (1.5 mmol), an 
allylsilane (4 mmol) and dry acetonitrile (5 mL). Trimethylsilyl triflate (9) (0.15 g, 
0.7 mmol) was added with a syringe and the mixture was stirred at room tempera- 
ture for a given period, as shown in Table I. After the solution had been cooled to 
0°, pyridine (a few drops) was added, the mixture hydrolyzed with saturated 
NaHCoO,, and then extracted with ether. The organic layer was washed with water, 
followed by saturated NaCl, and dried (Na,SO,). The solvent was removed under 
reduced pressure and the crude product purified by t.l.c. on silica gel to give a 
mixture of stereoisomers. A similar procedure was used with iodotrimethylsilane 
(10) as a catalyst. Each stereoisomer was isolated by I.c. In general, the a-D anomer 
was eluted after the B-D anomer. 

3-(2,3,4,6-Tetra-O-benzyl-D-glucopyranosyl)propene> (11). — T.l.c. (4:1 
benzene-ether) R, 0.85. 

a-D Anomer. [a]Z' +32.1° (c 0.97, chloroform); vX8" 3070 (w), 2910 (s), 2870 
(m), 1450 (m), 1360 (m), 1100 (s), 1080 (s), 1025 (m), 995 (m), 950 (m), 910 (m), 
755 (s), 735 (s), and 700 cm~! (s); 'H-n.m.r. (90 MHz, CDCI,): 6 7.43—7.00 (bs, 20 
H), 6.03—5.53 (m, 1 H), 5.23-4.30 (m, 9 H), 4.26—3.43 (m, 8 H), and 2.47 (br.t, 2 
H, J 7.5 Hz). 

B-D Anomer. [a]~'! —152° (c 0.6, chloroform); v¥8" 3065 (w), 3030 (w), 2900 
(s), 2865 (s), 1445 (m), 1360 (m), 1100 (s), 1060 (s), 995 (m), 950 (m), 910 (m), 740 
(s), and 700 cm~! (s); 'H-n.m.r. (90 MHz, CDCI,): 6 7.40—7.00 (br.s, 20 H), 6.23- 
5.67 (m, 1 H), 5.23-4.37 (m, 9 H), 3.83-3.17 (m, 8 H), and 2.80—2.10 (m, 1 H). 

2-Methyl-3-(2,3,4,6-tetra-O-benzyl-D-glucopyranosyl)propene (12). — T.l.c. 
(4:1 benzene-ether) R, 0.85. 

a-D Anomer. [a]f' +21.7° (c 2.0, chloroform); v8" 3050 (w), 3020 (m), 2890 
(s), 2845 (s), 1595 (w), 1485 (w), 1440 (m), 1350 (m), 1200 (m), 1090 (s), 900 (m), 
730 (s), and 695 cm~! (s); 'H-n.m.r. (90 MHz, CDCl): 6 7.37-7.00 (br.s, 20 H), 
5.00+4.07 (m, 11 H), 3.87-3.43 (m, 6 H), 2.70—2.16 (m, 2 H), and 1.73 (s, 3 H). 

B-D Anomer. [a]Z' +5.0° (c 0.8, chloroform); v¥®" 3060 (w), 3030 (w), 2900 
(m), 1490 (w), 1445 (m), 1360 (w), 1085 (bs), 735 (s), and 695 cm~! (s); 'H-n.m.r. 
(90 MHz, CDCl,): 6 7.33—7.06 (bs, 20 H), 4.96-4.50 (m, 10 H), 3.73—3.23 (m, 7 H), 
and 2.70—2.00 (m, 2 H), 1.78 (s, 3 H). 

Anal. Calc. for C3,H,,0;: C, 78.86; H, 7.31. Found: C, 78.80; H, 7.46. 

3-(2,3,4,6-Tetra-O-benzyl-D-glucopyranosyl)butene (13). — T.l.c. (2:1 
hexane-—ether) R, 0.75; 'H-n.m.r. (90 MHz, CDCI,): 6 7.30—7.20 (br.s, 20 H), 6.10- 
5.55 (m, 1 H), 5.20—-4.85 (m, 2 H), 4.70-4.55 (m, 8 H), 4.00—3.70 (m, 7 H), 2.70— 
3.00 (m, 1 H), and 1.15 (t, 3 H, J 7.0 Hz). Two stereoisomers could be separated 
in the ratio of ~2:3 by l.c. However, it was impossible to assign their structures 
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since four stereoisomers (two diastereomers of a- and B-D anomers) could be pre- 
sent in the reaction mixture. 

2-Bromo-3-(2,3,4,6-tetra-O-benzyl-a-D-glucopyranosyl)propene (14). — 
T.l.c. (2:1 hexane-ether) R; 0.50; v¥8" 3060 (w), 3030 (m), 2910 (m), 2850 (m), 
1625 (m), 1445 (m), 1125 (s), 1090 (s), 1060 (s), 1000 (s), 900 (w), 750 (s), and 695 
cm~! (s); 'H-n.m.r. (90 MHz, CDCI,): 6 7.33—7.00 (br.s, 20 H), 5.63—5.52 (m, 1 
H), 5.47-5.40 (m, 1 H), 4.86—4.27 (m, 9 H), 3.80—3.10 (m, 6 H), and 2.90—2.70 (m, 
2H). 

Anal. Calc. for C,,H,,BrO.;: C, 69.05; H, 6.12; Br, 12.41. Found: C, 68.68; 
H, 6.26; Br, 12.67. 

3-(2,3,4,6-Tetra-O-benzyl-a-D-mannopyranosyl)propene (17). — T.l.c. (4:1 
benzene-ether) R, 0.85; [a]f' —3.0° (c 7.0, chloroform); v''™ 3070 (m), 3035 (m), 
1369 (m), 1205 (m), 1100 (s), 1030 (m), 915 (m), 790 (s), 760 (s), and 700 cm~! (s); 
'H-n.m.r. (90 MHz, CCI,): 6 7.33-7.03 (br.s, 20 H), 6.03—5.53 (m, 1 H), 5.13-4.86 
(m, 2 H), 4.73-4.33 (m, 7 H), 4.10—3.53 (m, 8 H), and 2.30 (br.t, 2 H, J 7 Hz). 

2-Methyl-3-(2,3,4,6-tetra-O-benzyl-a-D-mannopyranosyl)propene (18). — 
T.l.c. (2:1 hexane-ether) R, 0.60. 

a-D Anomer. [a|f' +4.7° (c 3.8, chloroform); 'H-n.m.r. (90 MHz, CDCI,): 
5 7.37-6.93 (m, 20 H), 5.10—3.30 (m, 17 H), 2.32 (br.t, 2 H, J 6.8 Hz), and 1.70 (s, 
3 H). 

B-D Anomer. [a]p'! —22° (c 0.9, chloroform); 'H-n.m.r. (90 MHz, CDCI,): 6 
7.33-7.00 (m, 20 H), 4.83—3.56 (m, 17 H), and 2.31 (br.d, 2 H, J 7.5 Hz). 

Anal. Calc. for C3gH4,O;: C, 78.86; H, 7.31. Found: C, 78.60; H, 7.57. 

2-Bromo-3-(2,3,4,6-tetra-O-benzyl-a-D-mannopyranosyl)propene (19). — 
T.l.c. (2:1 hexane-ether) R, 0.45; vi!™ 3080 (w), 3060 (w), 3020 (m), 2900 (s), 2860 
(s), 1660 (w), 1450 (m), 1100 (s), 740 (s), and 700 cm-' (s); 'H-n.m.r. (90 MHz, 
CDCIl,): 6 7.40-7.07 (br.s, 20 H), 5.60—5.50 (m, 1 H), 5.43—5.38 (m, 1 H), 4.76-4.20 
(m, 9 H), 4.00—5.37 (m, 6 H), and 2.67 (br.d, 2 H, J 7.5 Hz). 

2-Methyl-1-(2,3,4,6-tetra-O-acetyl-a-D-glucopyranosyl)propane (15). — Com- 
pound 12 (186 mg, 0.32 mmol), isolated by l.c. from the reaction mixture, was 
hydrogenated (0.1 MPa) in the presence of 10% Pd-—C (80 mg) in methanol (10 
mL) and acetic acid (2 mL) for 10 h at room temperature. After the catalyst and 
the solvent had been removed, acetic anhydride (10 mL) and pyridine (10 mL) 
were added. The mixture was stirred for 24 h at room temperature and then poured 
into ice—water (50 mL) and the product extracted with chloroform. The organic 
layer was washed with saturated NaHCO, several times, dried (Na,SO,), and the 
solvent removed. The residue was purified by t.l.c. (silica gel) to give 15 (78 mg, 
0.20 mmol, 63%), t.l.c. (1:1 hexane.ether) R, 0.30; v¥8r 2960 (m), 1740 (s), 1380 
(m), 1360 (m), 1230 (s), 1090 (m), and 1035 cm~! (s); 'H-n.m.r. (200 MHz, CDCL,): 
5 5.30 (dd, J, 9.1, J;, 9.0 Hz, H-3), 5.07 (dd, J, , 9.1, J; , 5.8 Hz, H-2), 4.98 (dd, 
J; = J45 9.0 Hz, H-4), 4.344.18 (m, H-1), 4.24 (dd, Js 65.0, Jéa.64 12.0 Hz, H-6a), 
4.05 (dd, Js 6, 2-6, Jéa 6) 12.0 Hz, H-6b), 3.88 (ddd, J, 5 9.0, J; 5, 5.0, Js 6, 2-6 Hz, 
H-5), 2.06 (s, 3 H), 2.02 (s, 3 H), 2.01 (s, 3 H), 2.00 (s, 3 H), 1.86—1.58 (m, 2 H), 
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1.28-1.10 (m, 1 H), 0.94 (d, 3 H, J 7.0 Hz), and 0.88 (d, 3 H, J 7.0 Hz). 

Anal. Calc. for C,;gH5.0,: C, 55.66; H, 7.26. Found: C, 55.45; H, 7.20. 

2-Methyl-1-(2,3,4,6-tetra-O-acetyl-a-D-glucopyranosyl)propane’ (16). — This 
compound was pepared from 2-bromo-3-(2,3,4,6-tetra-O-benzyl-a-D-gluco- 
pyranosyl)propene (14) (93 mg, 0.144 mmol) by a procedure similar to that de- 
scribed for the preparation of 15 (28 mg, 0.075 mmol), t.l.c. (1:1 hexane-ether) R; 
0.20; 'H-n.m.r. (200 MHZ, CDCI,): 5 5.36 (dd, J, , = J;.4 9.8 Hz, H-3), 5.11 (dd, 
J, 2 5.8, Jz; 9.8 Hz, H-2), 5.02 (dd, J; 4 = Jy; 9.8 Hz, H-4), 4.28 (dd, Js 6.5.2, Jaen 
12.0 Hz, H-6a), 4.264.16 (m, H-1), 4.10 (dd, J; 4, 3.0, J¢, 6, 12.0 Hz, H-6b), 3.85 
(ddd, J, 5 9.8, Js 6, 5.2, Js 6) 3.0 Hz, H-5), 2.10 (s, 3 H), 2.06 (s, 3 H), 2.04 (s, 3 H), 
2.03 (s, 3 H), 1.90-1.85 (m, 1 H), 1.54-1.24 (m, 3 H), and 0.96 (¢, J 7.0 Hz, 3 H); 
identical with the compound obtained from 11 by similar procedure. 

Anal. Calc. for C;7H.O.4: C, 54.54; H, 7.00. Found: C, 54.88; H, 7.24. 

1-(2,3,4,6-Tetra-O-acetyl-a-D-mannopyranosyl)propane® (20). — This com- 
pound was prepared from 19 by a procedure similar to that described for the 
preparation of 15 in 71% yield, t.l.c. (1:1 hexane-ether) R, 0.20; 'H-n.m.r. (200 
MHz, CDCl,): 6 5.34—-5.18 (m, 3 H), 4.34 (dd, 1 H, J 6.0, 12.0 Hz, 1 H), 4.12 (dd, 
1 H, J 3.0, 12.0 Hz, H-1), 4.04~-3.96 (m, 1 H), 3.94~-3.80 (m, 1 H), 2.14 (s, 3 H), 
2.10 (s, 3 H), 2.06 (s, 3 H), 2.02 (s, 3 H), 1.92—1.70 (m, 1 H), 1.64~—1.30 (m, 3 H), 
and 0.96 (t, 3 H, J 7.0 Hz). On the basis of spectroscopic and chromatographic 
analysis, 20 was identical with the compound obtained? from the a-D anomer of 17. 

Competitive reaction of allylsilanes with benzaldehyde dimethylacetal. — A 
mixture of 2-propenyltrimethylsilane (5; 571 mg, 5.0 mmol), 2-methyl-2-propenyl- 
trimethylsilane (6; 645 mg, 5.0 mmol), 2-bromo-2-trimethylsilane (8; 968 mg, 5.0 
mmol), and benzaldehyde dimethylacetal (158 mg, 1.0 mmol) in dichloromethane 
(5S mL) was placed in a 50-mL flask and the flask cooled to —78°. To this was 
added, from a syringe, trimethylsilyl triflate (9; 20 mg, 0.1 mmol) and the mixture 
stirred for 8 h at —78°. After the usual workup, 4-methoyy-4-phenyl-1-butene? (23; 
44 mg, 0.27 mmol) and 4-methoxy-2-methyl-4-phenyl-1-butene’ (24; 115 mg, 0.65 
mmol) were isolated by t.l.c. in 27 and 65% yield, respectively. No trace of 2- 
bromo-4-methoxy-4-phenyl-1-butene (25) was detected by g.l.c. 

Compound 23. T.l.c. (3:2 hexane—benzene) R, 0.45; 'H-n.m.r. (60 MHz, 
CCl,): 6 7.33 (s, 5 H), 6.07-4.80 (m, 3 H), 4.10 (t, 1 H, J 7 Hz), 3.20 (s, 3 H), and 
2.63—2.27 (m, 1 H); m.s.: m/z 121 (M* —41, 100%) and 77 (19%). 

Compound 24. T.l.c. (3:2 hexane—benzene) R, 0.50; 'H-n.m.r. (60 MHz, 
CCI): 67.20 (s, 5 H), 4.83-4.65 (m, 2 H), 4.20 (t, 1 H, J 10 Hz), 3.14 (s, 3 H), 2.33 
(m, 2 H), and 1.70 (s, 3 H); m.s.: m/z 121 (M*+ —55, 25%), 119 (89%), and 117 
(100%). 
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ABSTRACT 


Various carbocyclic nucleosides analogs of neplanocin A (such as 5-aminoimi- 
dazole-4-carboxamide riboside, uridine, 5-iodouridine, 4-thiouridine, cytidine, 
thymidine, 2’-deoxyguanosine, ribofuranosylthymine, a 2,2'-anhydroderivative, 
2’-deoxycytidine, 2’-deoxythiouridine, and pD-arabinofuranosylcytosine analogs) 
were synthesized from (1R, 2S, 3R)-2,3-isopropylidenedioxy-4-methoxymethyloxy- 
methyl-4-cyclopentenylamine. The cytidine analog was found the most active in 


inhibiting mouse lymphoma L5178Y cells in vitro at a concentration as low as 0.8 
pg/mL. 
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INTRODUCTION 


Neplanocin A, isolated from Actinoplanacea ampullariella sp. in 1981, is a 
carbocyclic analog of adenosine having a cyclopentene moiety and exhibits a re- 
markable antitumor activity against L1210 leukemia in mice'. We undertook the 
selective synthesis of the enantiomer and reported? the first and efficient total syn- 
thesis of (— )-neplanocin A in 1983 through an optically active half-ester 2, enzymi- 
cally generated from a symmetric unsaturated diester 1. A key intermediate of the 
synthesis was (1R, 2S, 3R)-2,3-isopropylidenedioxy-4-methoxymethyloxymethyl-4- 
cyclopentenylamine (3), which can be used as a common precursor for the prepar- 
ation of analogs of neplanocin A. We present herein the enantioselective synthesis of 
analogs of neplancocin A and their biological activity. 


RESULTS AND DISCUSSION 


5-Aminoimidazole-4-carboxamide riboside is a key intermediate of the de 
novo biosynthesis of purine nucleosides. Therefore, derivatives of this riboside have 
been considered as important antimetabolites. Thus, a 5-aminoimidazole-4-carbox- 
amide analog was first synthesized in three steps from 3 according to Shaw and 
Wilson’. The key intermediate 3 was treated with a-amino-a-cyanoacetamide and 
ethyl orthoformate in acetonitrile to afford the 5-aminoimidazole-4-carboxamide 
derivative 4 in 72% yield. After deprotection with dilute hydrochloric acid, crude 5 


was purified by ion-exchange chromatography to afford pure 5 in 93% yield. 
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The guanosine analog 10 was synthesized in five steps from 3 according to 
Yamazaki and Okutsu*. Treatment of 4 with benzoylisothiocyanate in acetone at 
room temperature afforded the thiourea derivative 6 in 78% yield. Its methylation 
proceeded smoothly, to give the methylthio derivative 7 as a colorless oil, after 
chromatography on silica gel. Treatments with sodium hydroxide gave 9 in 61% 
yield, and deprotection with hydrochloric acid afforded the guanosine analog 9 in 
92% yield. 

The uridine analogs were obtained as follows. The cyclopentenylamine 3 was 
treated with 3-ethoxyacryloylisocyanate’, generated in situ from 3-ethoxyacrolyl 
chloride and silver isocyanate, to afford the acryloylurea derivative 10 in 91% yield. 
Cyclization of 10 gave the uridine derivative 11 as a colorless oil in 91% yield. This 
was deprotected and crude 14 was treated with an ion-exchange resin to afford the 
pure uridine analog 14 as a colorless syrup in 98% yield. The 5-iodouridine analog 
13 was synthesized in four steps from 3 according to Tai-Shun Lin and You-Song 
Gao®. Treatment of 11 with iodine and silver trifluoroacetate afforded 12 in 34% 
yield, and deprotection, followed by neutralization with an anion-exchange resin, 
gave 13 in 49% yield. 

Various cytidine analogs, such as AraC, cyclo C, and 5-FC, are in clinical use 
as antitumor agents and a carbocyclic cytidine analog (Carbodine) was found to be 
active against L1210 leukemia’. Therefore, we investigated the biological activity of 
the cytidine analog of the cyclopentenylnucleoside, neplanocin A. In a first ap- 
proach to the preparation of the cytidine analog 18, thiation® of the uridine deriva- 
tive 11 produced the 4-thiouridine derivative 15 in 45% yield with a 50% recovery of 
11. Methylation of 15 in 89% yield, followed by amination of 16 ammonia to give 17 
in 91% yield, and finally deprotection with hydrochloric acid afforded the cytidine 
analog 18 in 94% yield. As the yield of the first step was low, a second approach was 
investigated. Acetylation of the uridine analog 14 afforded the tri-O-acetyl deriva- 
tive 20 in 91% yield, in addition to the N*,2’ ,3’ ,6’ -tetraacetyl derivative in 7% yield. 
Treatment of 20 with phosphorus pentasulfide afforded the 4-thio derivative 21 in 
83% yield, which was methylated to give 19, further aminated to afford the crystal- 
line cytidine analog 18 in 94% yield. The 4-thiouridine analog 22 was obtained from 
21 by treatment with ammonia. 

The thymine base was introduced in the same manner as the uracil base. 
Treatment of the free amine 3 with 3-methoxy-2-methylacryloyl isocyanate” afford- 
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ed the ureido derivative 23 in 87% yield. Cyclization was achieved in acetone with 


ammonium hydroxide to give, in a fairly good yield, 24 the structure of which was 


readily established by the u.v. spectrum and other analyses as for the uracil deriva- 


tive 11. Hydrolysis of 24 with trifluoroacetic acid gave 25 in crystalline form, in 75% 
yield after chromatographic purification. 

The easy 2’-deoxygenation of ribonucleosides and neplanocin A", by a radi- 
cal reduction of a 2’ -deoxy-2’ -halogeno or thiocarbonyl derivative with tributyltin 
hydride in the presence of azo(isobutyronitrile) (Barton reaction), was also applied 
successfully in the present work. First, OH-3- and -6 of 9 of the cyclopentene moiety 
were protected by the Markiewicz reagent'®’'', 1,3-dichloro-1,1,3,3-tetraisopropyl- 
disiloxane, in the presence of imidazole to give 20 in 58% yield. Deoxygenation of 20 
was performed without isolation of the intermediate 27 by treatment with N, N-thio- 
carbonyldiimidazole, followed by reduction with tributyltin hydride, in the presen- 
ce of a catalytic amount of azo(isobutyronitrile), to give 28 in 40% yield from 26. 
The 'H-n.m.r. spectrum of 28 exhibited a characteristic signal for H-2’ at 62.32 asa 
multiplet. Deprotection with tetrabutylammonium fluoride in THF afforded the 
desired compound 29 in 85% yield. 

lhe deoxygenation reported in our previous study'® was also applied to the 
uracil (12) and thymine (25) analogs. They were protected in the usual manner to 
give 30 (71%) and 31 (68%), respectively. Attempts to deoxygenate 30 in acetonitrile 
through O-thiocarbonylation, followed by homolytic cleavage, gave 34 (45%) to- 
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gether with the 2,2’-anhydro derivative 38 (30%), which were readily separated by 
silica gel column chromatography. In the 'H-n.m.r. spectrum, 34 showed signals for 
H-2’a (ddd) and H-2'b (ddd) at 6 2.06 and 2.44, respectively. The structure was 
further confirmed by mass spectrometry (m/z 466, M*) and other analyses. The 
'H-n.m.r. spectrum of 38 exhibited a signal for H-2' at 6 5.21-5.41 (m), overlapped 
by the signals for H-1’ and H-3’, as well as a parent peak in the f.a.b. mass spectrum 
at m/z 465 (MH“). The ratio of 38 to 34 seemed to increase with higher tem- 
peratures. The 2,2’ -anhydro derivative 38 was used for the synthesis of the arabino- 
pyrimidine nucleoside 49. Treatment of 30 with N,N’ -thiocarbonyldiimidazole, 
followed by homolytic cleavage of 32 with tributyltin hydride furnished 34 (76%) 
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exclusively. Similarly, 35 was obtained from 31 in 77% yield; its 'H-n.m.r. spectrum 


showed the characteristic signals of H-2'’a(m) and H-2’b(m) at 6 2.12 and 2.35, 
respectively. Both 34 and 35 were deprotected with tetrabutylammonium fluoride to 
afford crystalline 36 and 37 in 71 and 92% yield, respectively, and similarly 38 
furnished 39 in a quantitative yield. 

The di-O-acetyl derivative 40 of the 2’ -deoxyuridine derivative 36 was thiated 
with phosphorus pentasulfide to give 41 in 87% yield, and successive methylation 
and ammonolysis afforded the 2’-deoxycytidine analog 42. The 2’ -deoxy-4-thiou- 
ridine analog 43 was obtained from 41 by treatment with ammonia. 

In general, D-arabinosylnucleosides are recognized as deoxynucleosides by the 
cell system!?, but it is noteworthy that the cytidine analog 18 possesses a marked 
activity against L-1210 and B-16 melanoma system in vivo (Table 1). Therefore, we 
synthesized the analog 48 having the p-arabino configuration in order to compare 
its activity with that of AraC and the cytidine analog 18. Among the many methods 
of synthesis of arabinosylpyrimidine nucleosides’, that using the hydrolytic clea- 
vage of the 2,2’ -anhydro derivative 39 seemed the most suitable. Treatment of 3’ ,5’ - 
O-silyl protected uridine compounds with trifluoromethanesulfonyl chloride fur- 
nished the 2,2’ -O-anhydrouridine exclusively'*. This reaction may proceed by the 
intramolecular SN2 attack of the oxygen atom of the uridine base to the 2’ -position 
(2'-OTf group) of the sugar residue. Therefore, 30 was treated with trifluoro- 
methanesulfonyl chloride in the presence of N,N-dimethylaminopyridine to give, in 
53% yield, 38 which was identical in all respects with the compound obtained as a 
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TABLE | 


EFFECT OF NEPLANOCIN A AND CYTIDINE ANALOG (18) ON THE LIFE SPAN OF MICE BEARING L1210 
LEUKEMIA AND B16 MELANOMA® 





Compound 


L1210 Leukemia 





Dose 


T/C 


B16 Melanoma 





Dose 
(mg/kg/day) 


(mg/kg/day) (%) 





Neplanocin A 140 
147 0.5 


138 1.0 
159 2.5 
Toxic 


Cytidine analog A 108 
18 ae 131 
149 

177 

Toxic 


185 122 

193 125 

207 119 

218 Toxic 
Toxic 


219 
220 10 119 
225 25 125 


146 50 Toxic 
Toxic 





“ Groups of 6 female CD2F; mice or male BgD2F> mice received intraperitoneal implants of L1210 
leukemia cells (10°/mouse), or B16 melanoma homogenates (0.5 mL/mouse), respectively, on day 
0, according to the protocols described by Geran et a/.'’. Compounds were given intraperitoneally 
on days 1-5. The results are expressed as 7/C values calculated from median survival times, where 
T and C are values of treated and untreated groups, respectively. 


by-product in the radical reduction of 32. After deprotection of 38 in the usual 
manner, alkaline hydrolysis of 39 gave 44 which was acetylated without purification 
to exclusively furnish the triacetate 45 as a syrup in 98% yield; no N°,2’ ,3’ ,6’ -tetra- 
acetyl by-product was observed in this case. Thiation of 45 gave 46 in 90% yield, and 
methylation, followed by treatment with a large excess of saturated methanolic 
ammonia, afforded crystalline 48 in 43% yield from 46; its structure was assertained 
by 'H-n.m.r. spectroscopy and mass spectrometry. 

Biological activity. — Compounds, 5, 9, 13, 14, 18, 22, 25, 29, 36, 30, 39, 42, 
43, and 48 were evaluated for growth-inhibitory activity of mouse lymphoma 
L5178Y cells in vitro. As shown in Table II, the cytidine analog 18 and neplanocin A 
inhibited the growth at a concentration as low as 0.8 pg/mL, whereas the other 13 
analogs had no effect, even at the highest concentration tested, 100 ng/mL. Recent- 
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ly, 18 was synthesized also from p-ribono-1,4-lactone by Marquez and assoc.'> and 
shown to exhibit potent cytotoxicity. It seems worthwhile to note that 18 acts as 
inhibitors of uridine kinase'’ and CTP synthesis'®. The antitumor activities of 18 
and neplanocin A, compounds having potent cytotoxicity for L5178Y cells cultures, 
were tested against mouse leukemia L1210 and mouse melanoma B16. In the present 
study, the compounds were given intraperitoneally to mice, inoculated intra- 
peritoneally with tumors; the results are shown in Table I. The cytidine analog 18 


44R 


45R = we 


and neplanocin A increased the life span of the leukemic mice by 77% at a dose of 1 
mg/kg/day and 59% at 2.5 mg/kg/day, respectively, over the controls. Ara-C and 
5-FU, used as reference antitumor drugs, were more effective in increasing the life 
span of leukemic mice than 18 and neplanocin A. Against mouse melanoma B16, 18 
was found to be the most active among the tested compounds; it increased the life 


TABLE II 


INHIBITION OF GROWTH OF CULTURED L5178Y CELLS BY NEPLANOCIN A ANALOGS*® 





Compound Cytotoxic concentration (ug/mL) 





5 > 100 
9 > 100 
14 > 100 
13 > 100 
18 0.8 
22 > 100 
25 > 100 
29 > 100 
36 > 100 
37 > 100 
39 > 100 
42 > 100 
43 > 100 
48 > 100 
Neplanocin A 0.8 





“ L5178Y cells were suspended in Fischer’s medium supplemented with 10% fetal bovine serum at 
cell concentrations ranging from 5 to 10 x 10* cells/mL. Cell growth was checked 24 h after 
incubating at 37° in a humidified incubator passing 5% CO,-95% air with or without test 
compounds. 
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span of tumor-bearing mice by 44% over the control at a dose of 1 mg/kg/day. The 
other three compounds tested were found to be inactive (ILS, increase in the life 
span over control, =>125%). On the basis of these findings, a further evaluation 
study on the antitumor activity of the cytidine analog 18 in a variety of tumors is 


now under progress. 
EXPERIMENTAL 


General methods. — Melting points were determined with Yanagimoto (MP- 
3) and Yamato (MP-21) micromelting point apparatus and are uncorrected. Optical 
rotations were measured with a Horiba SEPA-200 or JASCO DIP-360 polarimeter. 
U.v. spectra were recorded with a Shimadzu UV-250 or Hitachi 320 spectrophoto- 
meter. I.r. spectra were recorded with a Hitachi 260-50, JASCO IR-810, or Shimad- 
zu IR-435 spectrophotometer. 'H-N.m.r. spectra were recorded for solutions in 
(2H)chloroform of di(*H;)methyl sulfoxide with tetramethylsilane and sodium 4,4- 
dimethyl-4-silapentane-l-sulfonate (DDS) as an internal standard, with a JEOL 
FX-100-FT, JNM-PS-100, or Hitachi R-90 spectrometer. All exchangeable protons 
were confirmed by addition of DO. Mass spectra (m.s.) were measured on JEOL 
JMS D-300 (CI, FAB or El) or JMS-01SG spectrometers. T.l.c. was carried out on 
Merck pre-coated silica gel 60F 54 plates, and silica gel column chromatography was 
performed on Wako-gel C-200, Merck Kieselgel 60 Art 7734 or 9385. 

5 - Amino - 1[(1R, 2S, 3R) - 2,3 - isopropylidenedioxy - 4 - methoxymethyloxy - 
methyl-4-cyclopenten-l-yl]imidazole-4-carboxamide (4). — To a solution of a- 
amino-a-cyanoacetamide (1.0 g, 0.01 mol) in dry acetonitrile (40 mL) was added 
triethyl orthoformate (1.64 g, 0.011 mol), and the mixture was refluxed with stirring 
for 30 min under an Ar atmosphere. A solution of 3 (1.10 g) and triethylamine (0.60 
mL) in dry acetonitrile (25 mL) was added dropwise to the cooled mixture, which 
was refluxed with stirring for 3 h. The solvent was removed under reduced pressure, 
and the residue purified by silica gel column chromatography (20:1 chloroform- 
methanol) to give 4 (1.16 g, 72% yield), yellow crystals, m.p. 141.5-143°; [a]7y 
—34.2° (c 0.96, chloroform); R, 0.67 (3:1:1 ethyl acetate-ethanol-water 0.67; vX®r 
3425, 3330, 3175, 1650, 1615, 1547, 1468, and 1385 cm~'; 'H-n.m.r. (CDCI,- 
Me,Si): 6 1.35 and 1.47 [2 s, 6 H, C(CH3)2], 3.41 (s, 3 H, OMe), 4.30 (br.s, 2 H, 
CH,0), 4.58 and 5.25 (2 d, 2 H, J 5.8 Hz, 20CH), 4.71 (s, 2 H, OCH,O), 4.94 (br.s, 
1 H, NCH), 5.07 (br.s, 4H, CONH>, NH>), 5.82 (br.s, 1 H, -CH=), and 6.86 (s, 1 
H, arom.); e.i.m.s.: m/z 338 (M° ), 281, and 149. 

Anal. Calc. for C;;H22N4O;: C, 53.25; H, 6.55; N, 16.56. Found: C, 52.99; 
H, 6.52; N, 16.64. 

5-Amino-1-[(1R, 2S, 3R)-2,3-dihydroxy-4-hydroxymethyl-4-cyclopenten- 1 - 
yljimidazole-4-carboxamide (5). — Compound 4 (244 mg) was dissolved in me- 
thanol (20 mL) and 2m HCI (20 mL), and the solution stirred at 30-35° for 1 day. 
Methanol was removed under reduced pressure, and the residual solution passed 
through Amberlite CG-120 (H * ) cation-exchange resin. Elution with 0.07 NH,OH 
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subsequent to washing with water and evaporation of the eluent under reduced 
pressure gave 5 (170 mg, 93% yield), pale-yellow crystals, m.p. > 220° (dec.); lal 
~87.1° (c 0.16, dimethyl! sulfoxide; R, (3:1:1 ethyl acetate-ethanol-water) 0.46; vXB: 
3450, 3350, 3250, 1655, 1635, 1550, and 1455 cm ™'; 'H-n.m.r. [((CD3)2SO-CDCI,; 
Me,Si)]: 5 3.91 (t, 1 H, J 5.5 Hz, OCH), 4.12 (br.s, 2H, CHOH), 4.35 (d, 1 H, J5.5 
Hz, OCH), 4.90 (br.s, 1 H, NCH), 5.74 (br.s, 1 H, -CH=), 5.64 and 6.68 (br, 4 H, 
CONH;>, NH>), and 7.02 (s, 1 H, arom.); e.i.m.s.: m/z 222, 220 (M* — 20H) 207, 
and 205. 

Anal. Calc. for C}pH,4N404-0.5 H2O: C, 45.63; H, 5.74; N, 21.28. Found: C, 
45.76; H, 5.37; N, 20.83. 

5-(N-Benzoylthiocarbamoyljamino-1-[(1R,2S,3R)-2,3-isopropylidenedioxy-4- 
methoxymethyloxymethyl-4-cyclopenten-1-yl]imidazole-4-carboxamide (6). — To a 
solution of 4 (50 mg) in dry acetone (3 mL) was added dropwise benzoyl isothio- 
cyanate (150 mg) in dry acetone (4 mL). The mixture was stirred at room tem- 
perature for 4 h, poured into saturated aqueous NaHCO, and extracted with di- 
chloromethane several times. The organic layer was washed with water until neutral, 
and evaporated under reduced pressure, after being dried by passing through a 
phase-separating paper (Whatman IPS), to afford a crude syrup. This was purified 
by silica gel column chromatography with stepwise elution with dichlorome- 
thane-methanol 50:1 to 30:1 to 20:1) to give 6 (70 mg, 95% yield) foam, R, (9:1 
dichloromethane-methanol) 0.53; vi!m 3500, 3350, 3200, 1670, 1605, 1490, and 
1380 cm~!; 'H-n.m.r. (CDCl,; Me,Si): 6 1.32 and 1.40 [2 s, 6 H, C(CH3;)2], 3.38 (s, 
3 H, OMe), 4.27 (br.s, 2 H, CHO) 4.65 (s, 2 H, OCHO), 4.70 and 5.26 (d, 2 H, J 
unknown, 2 OCH), 5.24 (br. s, 1 H, NCH), 5.68 (br.s, 1 H, -CSNAH-), 5.86 (br. s, 1 
H, -CH =), 6.95 (br, 2 H, CONH>), 7.29 (s, 1 H, imidazole proton), 7.52 and 7.88 
(m, 5H, PhCO), and 9.56 (br.s, 1 H, CSNHCO); e.i.m.s.: m/z 501 (M*) and 486 
(M* — Me). 

5-(N-Benzoyl-S-methylisothiocarbamoyl)amino-1-[(1R, 2S, 3R)-2,3-isopropy- 
lidenedioxy-4-methoxymethyloxymethyl-4-cyclopenten- 1-yl]imidazole-4-carboxa- 
mide (7). — To a solution of 6 (SO mg) and iodemethane (60 nL) in methanol (5 mL) 
was added mM NaOH (0.2 mL) dropwise under stirring at room temperature. The 
mixture was stirred for 1 h at ambient temperature, the reaction quenched by ad- 
dition of acetic acid to neutrality, and the solvent removed under reduced pressure. 
The residue was extracted with ethyl acetate several times and the extract washed 
with water. The organic layer was passed through Whatman IPS filter paper and 
evaporated under reduced pressure. The residue was purified by silica gel column 
chromatography with ethyl acetate as an eluent to give 7 (43 mg, 84% yield) as a 
colorless syrup by evaporation of the eluate under reduced pressure, R, (9:1 di- 

l 


chloromethane-methanol) 0.66; vm 3460, 3350, 1650, 1610, 1575, and 1370 cm '; 
'H-n.m.r. (CDCI;; Me,Si) 1.32 and 1.41 [2 s, 6 H, C(CH;)s], 2.60 (s, 3 H, SMe), 
3.39 (s, 3 H, OMe), 4.29 (br.s, 2 H, CH2O), 4.59 and 5.16 (2 d, J/6 Hz, 2H, 2 OCH), 
4.68 (s, 2 H, OCH20), 5.24 (br.s, 1 H, NCH), 5.72 (br.s, 1 H, -CH=), 5.84 (br.s, 1 


H, CONH-), 7.11 (s, 1 H, imidazole H), 7.34 and 7.83 (m, 5 H, PhCO); e.i.m.s.: 
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m/z 515 (M“* ), 468 (M* — SMe), 467, 320, and 262. 

9-/(1R, 2S, 3R)-2,3-Isopropylidenedioxy-4-methoxymethyloxymethyl-4-cyclo- 
penten-1-yl]guanine (8). — To a solution of 7 (75 mg) in methanol (4 mL) was added 
6M NaOH (4 mL), and the mixture stirred for 4 h at 100-110°. After the mixture had 
been cooled in an ice bath, rapid crystallization occurred on neutralization with 
dilute HCl. Methanol was removed under reduced pressure, and filtration gave 8(37 
mg, 70% yield), colorless crystals, m.p. >270° (dec.), R, (3:1:1 ethylacetate- 
ethanol-water) 0.60; AMcOH 256.5 and 232 nm; v8" 3400, 3200, 1700, 1640, 1605, 
1540, and 1380 cm™'; 'H-n.m.r. [((CD3),SO-CDCl,; MeSi]: 6 1.29 and 1.37 [2 s, 6 
H, C(CH3),], 3.31 (s, 3 H, OMe), 4.20 (s, 2 H, CHO), 4.59 and 5.38 (2 d, J 5.5 Hz, 
2 H, 2 OCH), 4.64 (s, 2 H, OCH>O) 5.26 (br.s, 1 H, NCH), 5.70 (s, 1 H, -CH=), 
6.48 (br.s, 1 H, CONH), and 7.44 (s, 1 H, arom.); e.i.m.s.: m/z 363 (M“* ), 348 (M* 
— Me), 311, 284, 152 (G + 2), and 151 (G + 1). 

9-[(1R, 2S, 3R)-2,3-Dihydroxy-4-hydroxymethyl-4-cyclopenten-1-yl]guanine 
(9). — Compound 8 (33 mg) was dissolved in methanol (1 mL) and 2m HCI (1 mL), 
and the mixture was stirred for 2 days at room temperature. Methanol was removed 
by evaporation under reduced pressure and the residual solution was applied to a 
column of Dowex 50 (H* ) cation-exchange resin. Elution with 0.1m NH, OH, sub- 
sequent to washing with water, followed by evaporation under reduced pressure af- 
forded 9 (20 mg, 81% yield), colorless needles after crystallization from water, m.p. 
> 220° (dec.), [a] —87° (c 0.15, N,N-dimethylformamide); R, (3:1:1 ethyl ace- 
tate-ethanol-water) 0.26; \#20 254.5, #20 229.5nm; vK8r 3400, 3200, 1740, 1692, 
1640, 1613, and 1540 cm~'; 'H-n.m.r. [(CD3),SO-CDCI,; Me,Si]: 6 3.32 (br, 2 H, 2 
OH), 4.10 (s, 2 H, CH OH), 4.16 and 4.23 (t, 1 H, J 5.3 Hz; d, 1 H, J 5.3 Hz; 2 
OCH), 5.14 (br.s, 1 H, NCH), 5.64 (d, 1 H, J 1.8 Hz, -CH=), 6.60 (br.s, 1 H, 
CONH), and 7.55 (s, 1 H, arom.); e.i.m.s.: m/z 279 (M * ), 207, 183, 165, and 152(G 
+ 2). 

(IR, 2S, 3R)- 1-[N- (3 - Ethoxyacryloyl)ureido] - 2,3 - isopropylidenedioxy - 4 - 
methoxymethyloxymethyl-4-cyclopentene (10). — Compound 3 (544 mg) was dissol- 
ved in dry N,N-dimethylformamide (20 mL) and the solution cooled to — 30 to 
— 45° in a dry ice-acetone bath. To this mixture was added a solution of 3-ethoxy-2- 
propenoyl isocyanate [prepared from 3-ethoxy-2-propenoyl chloride (650 mg) and 
AgNCO (1.44 g) by heating in dry benzene] dropwise under an Ar atmosphere. The 
mixture was stirred for 1 h each at — 30° and at room temperature, and then poured 
into ice-cooled, satd. NaHCO, with vigorous stirring and extracted with ethyl ace- 
tate three times. The combined organic layer was washed with water, dried by pas- 
sing through Whatman 1PS, and evaporated under reduced pressure. The residue 
was chromatographed in a column of silica gel with 1:2 ethyl acetate—hexane to give 
10 (800 mg, 91% yield), colorless syrup, R, (1:1 ethyl acetate-hexane) 0.27; vfilm 
3250, 3100, 1700, 1675, 1615, 1535, and 1380 cm~'; 'H-n.m.r. (CDCI;; Me,Si): 6 
1.32 and 1.39 [2 s, 6 H, C(CH3),], 1.35 (t, 3 H, J 6.8 Hz, CH,CA;), 3.38 (s, 3 H, 
OMe), 3.97 (q, 2 H, J 6.8 Hz, OCH>CH:;3), 4.19 (s, 2 H, CH2O), 4.55 and 4.79 (d, 1 
H, J 6 Hz; m, 1 H, 2 OCH), 4.67 (s, 2 H, OCHO), 5.14 (br.d, 1H, J 5.5 Hz, NCH), 
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5.38 (d, 1 H, J 12.5 Hz, -COCH =), 5.66 (s, 1 H, -CH=), 7.61 (d, 1 H, J 12.5 Hz, 
= CH-OEt), 8.63 (d, 1 H, J 7 Hz, CHNHCO), and 9.26 (s, 1 H, CONHCO); 
e.i.m.s.: m/z 355 (M* — Me), 309, 281, 267, 257, and 252. 

1-{(1R, 2S, 3R)-2,3-Isopropylidenedioxy-4-methoxymethyloxymethyl-4-cyclo- 
penten-1-yl]-2,4-(1H, 3H)-pyrimidinedione (11). — To a solution of 10 (404 mg) in 
acetone (10 mL) was added 2.8% NH,OH, (30 mL), and the mixture stirred with 
reflux for 10 h. After being cooled to ambient temperature, the mixture was evapo- 
rated under reduced pressure. The residue was chromatographed in a column of 
silica gel with 1:2 ethyl acetate-hexane to give 11 (321 mg, 91% yield), colorless 
foam, [a]® — 53.5° (c 0.66, chloroform), R, (ethyl acetate) 0.34; vf'™ 3200, 1680, 
1450, 1370, and 1230 cm~'; 'H-n.m.r. (CDCl3; Me4Si): 5 1.35 and 1.44 [2 s, 6 H, 
C(CH;3)>], 3.40 (s, 3 H, OMe), 4.28 (br.s, 2 H, CHO), 4.59 and 5.23 (2d, 2H, J/5.8 
Hz, 2 OCH), 4.70 (s, 2H, OCHO), 5.38 (br.s, 1 H, NCH), 5.59 (br.s, 1 H, -CH=), 
5.68 (dd, 1 H, J 1.5, 8 Hz, COCH =), 7.05 (d, 1 H, J/8 Hz, NCH =), and 9.67 (br.s, 
1 H, CONHCO); e.i.m.s.: m/z 309 (M* — Me), 267, 263, and 235. 

1-{(1R, 2S, 3R)-2,3-Dihydroxy-4-hydroxymethyl-4-cyclopenten-1-yl]-2,4(1H, 
3H)-pyrimidinedione (14). — (a). A solution of 11 (3.0 g) in trifluoroacetic acid (30 
mL) and water (30 mL) was stirred for 2 days at room temperature. The mixture was 
evaporated and the residue coevaporated to dryness with ethanol several times under 
reduced pressure. It was purified by silica gel column chromatography with 4:1 
chloroform-methanol as an eluent to give 14 (1.71 g, 77% yield), colorless foam, 
[a] —84° (c 1.19, methanol), R, (3:1:1 ethyl acetate-ethanol-water) 0.41; \McOH 
270 nm; vfilm 3350, 1675, 1460, 1388, and 1255 cm~'; 'H-n.m.r. (CD;0D-CDCI,; 
Me,Si): 6 4.04 (t, 1 H, J 5.5 Hz, OCH), 4.27 (br.s, 2 H, CH2OH), 4.52 (d, 1 H, J 5.5 
Hz, OCH), 5.48 (br.s, 1 H, NCH), 5.69 (d, 1 H, J 2 Hz, -CH=), 5.70 (d, 1 H, J 8 
Hz, -COCH =), and 7.38 (d, 1 H, J/8 Hz, -NCH =); e.i.m.s.: m/z 223 (M* — OH), 
207 (M* — 2 OH), 167, 161, 112 (U + 1), and 110(U — 1). 

(b). A mixture of 11 (47 mg) in methanol (4 mL) and 2m HCI (4 mL) was 
stirred for 1 day at 30-35°. Methanol was removed under reduced pressure, and the 
residual solution made neutral with Diaion WA30 (OH ) ion-exchange resin. After 
filtration, the solution was concentrated to dryness under reduced pressure to fur- 
nish 14 (34 mg, 98% yield) as a colorless foam. 

5-lodo-1-[(1R, 2S, 3R)-2,3-isopropylidenedioxy-4-methoxymethyloxymethyl- 
4-cyclopenten-1-yl]-2,4-(1H, 3H)-pyrimidinedione (12). — To a solution of 11 (2.00 
g) in dry dichloromethane (120 mL) was added silver trifluoroacetate (2.70 g), anda 
solution of I, (2.30 g) in dichloromethane (15 mL) was added dropwise under 
cooling in an ice bath under an N> atmosphere. After being stirred for 1 h at the 
same temperature, the mixture was poured into ice-cold, satd. NaHCO;, and the 
insoluble material was filtered off with Celite. The filtrate was partitioned with ethyl 
acetate several times, and the combined organic layer dried by passing through 
Whatman IPS and evaporated to dryness under reduced pressure. The residue was 
purified by chromatography in a silica gel column with 1:1 ethyl acetate-hexane, to 
give 12 (1.00 g, 34% yield), m.p. 195-196°, [a]j —87.5° (c 0.3, chloroform); R, (1:1 
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ethyl acetate-hexane) 0.26; AMcOH 290, \McOH 247 nm; vK8 3160, 3040, 1695, 1690, 
1608, 1440, 1090, and 1040 cm~'; 'H-n.m.r. (CDCl;; Me,Si): 6 1.35 and 1.44 [2 s, 6 
H, C(CH;)>], 3.40 (s, 3 H, OMe), 4.29 (br.s, 2 H, -CH2O), 4.57 and 5.23 (2d, 2H, J 
6 Hz, 2 OCH), 4.70 (s, 2 H, OCH>,O), 5.36 (br.s, 1 H, NCH), 5.58 (br.s, 1 H, 
-CH =), 7.41 (s, 1 H, N-CH =), and 8.78 (br.s, 1 H, CONHCO); e.i.m.s.: m/z 450 
(M*), 435 (M* — Me), 331, 283, 156, 155, and 123. 

Anal. Calc. for C;;H;9IN2O¢: C, 40.02; H, 4.25; N, 6.22. Found: C, 39.83; H, 
4.23; N, 6.21. 

1-{(1R, 2S, 3R)-2,3-Dihydroxy-4-hydromethyl-4-cyclopenten-l-yl]-5-iodo-2, 4- 
(1H, 3H)-pyrimidinedione (13). — Compound 12 (1.0 g) was dissolved in methanol 
(10 mL) and 3m HCI (10 mL), and the mixture stirred for 24 h at ambient tem- 
perature. Methanol was removed by evaporation under reduced pressure, and the 
residual solution was applied onto a column of Diaion WA30 (OH _ ) ion-exchange 
resin. Elution with water, followed by evaporation under reduced pressure gave 13 
(425 mg, 52% yield) which was crystallized from 4:1 ethanol-methanol, needles, 
m.p. 123-124°, [alp — 114° (c 0.195, methanol, R, (3:1:1 ethyl acetate-ethanol- 
water) 0.64; AMcOH 292, \McOH 246.5nm; v8" 3380, 1680, 1610, 1425, 1260, and 1118 
cm~'; 'H-n.m.r. [(CD3),SO; Me,Si]: 6 3.92 (t, 1 H, J 5.5 Hz, OCH), 4.08 (br.s, 2 H, 
CH,OH), 4.33 (d, 1 H, J 5.5 Hz, OCH), 4.88 (br, 3 H, 3 OH), 5.30 (brs, 1 H, 
NCH), 5.53 (br.s, 1 H, -CH=), 7.70 (s, 1 H, N-CH=), and 11.52 (br, 1 H, 
CONHCO); 366 (M*), 348 (M* — H>,O), 330 (M* — 2 HO), 287, 276, 254, and 
238 (5S — IU + 1). 

Anal. Calc. for C;gH;,;IN2»O;-EtOH: C, 34.97; H, 4.16; N, 6.80. Found: C, 
34.63; H, 4.12; N, 6.77. 

1-[(1R, 2S, 3R)-2,3-lsopropylidenedioxy-4-methoxymethyloxymethyl-4-cyclo- 
penten-1-yl]-2-oxo-4-thioxo-(1H, 3H)-pyrimidine (15). — To a solution of com- 
pound 11 (40 mg) in dry pyridine (1 mL) was added P>S; (67 mg), and the mixture 
stirred for 2 h at 95-100°. After being cooled to room temperature, the mixture was 
evaporated under reduced pressure and the residue extracted several times with 
dichloromethane. The combined organic layer was washed with water and evapor- 
ated to dryness under reduced pressure. The residue was applied onto a silica gel 
column which was developed with 1:1 ethyl acetate-hexane to give [along with 
recovered starting material 11 (20 mg, 50% yield)] 15 (18 mg, 45% yield), slightly 
yellow syrup, R, (ethyl acetate) 0.77; vm 1705, 1610, 1450, 1380, and 1235 cm~'; 
'H-n.m.r. (CDCI,;Me,Si): 6 1.36 and 1.44 [2 s, 6 H, C(CH;)>], 3.40 (s, 3 H, OMe), 
4.29 (s, 2 H, CHO), 4.59 and 5.23 (2 d, 2 H, J 5.8 Hz, 2 OCH), 4.70 (s, 2 H, 
OCH,0), 5.34 (br.s, 1 H, NCH), 5.58 (br.s, 1 H, -CH=), 6.34 (d, 1 H, J 7.5 Hz, 
-~COCH =), and 6.87 (d, 1 H, J 7.5 Hz, -NCH =); e.i.m.s.: m/z 340 (M~ ), 325 (M* 
— Me), 279 (M* — 2 Me, OMe), 221, 214, and 172. 

1-{(1R, 2S, 3R)-2,3-Isopropylidenedioxy-4-methoxymethyloxymethyl-4-cyclo- 
penten-1-yl]-4-methylthio-2(1H)-pyrimidinone (16). — To a solution of 15 (54 mg) 
in methanol (2.5 mL) and water (0.5 mL) was added iodomethane (45 mg), followed 
by the dropwise addition of M NaOH (0.18 mL) under stirring at room temperature. 
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After the mixture had been stirred for | h at ambient temperature, acetic acid was 
added until neutral and the solvents were evaporated under reduced pressure. The 
residue was partitioned between ethyl acetate and water. The organic layer was 
concentrated under reduced pressure, and the residue chromatographed in a column 
of silica gel with 1:1 ethyl acetate-hexane, to give 16 (50 mg, 89% yield), pale-yellow 
crystal which were recrystallized from 1:1 ehter-hexane to afford colorless needles, 
m.p. 49-51°, [a]p’ — 16° (c 1.12, chloroform); R, (ethyl acetate) 0.47; vk® 1645, 
1610, 1502, 1430, 1385, and 1372 cm~'; 'H-n.m.r. (CDCI;; Me4Si): 6 1.35 and 1.44 
[2 s, 6 H, C(CH;)>], 2.56 (s, 3 H, SMe), 3.40 (s, 3 H, OMe), 4.29 (br.s, 2 H, CHO), 
4.62 and 5.23 (2d, 2H, J 5.7 Hz, 2 OCH), 4.70 (s, 2 H, OCHO), 5.42 (t, 1 H, J 1.7 
Hz, NCH), 5.60 (br.s, 1 H, -CH=), 6.16 (d, 1 H, J 7.1 Hz, NCH=CAH-), and 7.15 
(d, 1 H, J7.1 Hz, NCH=CH-); e.i.m.s.: m/z 354 (M~* ), 339(M* — Me), 293, 234, 
and 187. 

Anal. Calc. for C;4H22»N2O0;S: C, 54.22; H, 6.25; N, 7.90. Found: C, 54.62; 
H, 6.55; N, 7.84. 

4-Amino-1-[(1R, 2S, 3R)-2,3 - isopropylidenedioxy - 4- methoxymethyloxy - 
methyl-4-cyclopenten-1-yl]-2(1H)-pyrimidinone (17). — A solution of 16 (25 mg) in 
methanol (2 mL), was saturated with NH3, under cooling at — 78°, in a stainless 
steel tube. The mixture was kept for 10 h at 100-110°. The solvent was removed 
under reduced pressure, the residue was purified by silica gel column chromato- 
graphy (19:1 dichloromethane-methanol) to afford 17 (21 mg, 91% yield), colorless 
crystals, m.p. 84-85°, [a]f” —81°(c 1.77, chloroform), R, (3:4:4 ethyl acetate-etha- 
nol-water) 0.43; \McOH 277, \McOH 257 nm; vim 3350, 3125, 1660, 1625, 1485, 1390, 
and 1215 cm '; 'H-n.m.r. (CDCl; Me,Si): 6 1.34 and 1.43 [2 s, 6 H, C(CH3),], 3.40 
(s, 3 H, OMe), 4.28 (br.s, 2 H, CHO), 4.58 and 5.21 (2d, 2 H, J 5.7 Hz, 2 OCH), 
4.70 (s, 2H, OCHO), 5.36 (br.s, 1 H, NCH), 5.59 (br.s, 1 H, -CH =), 5.82 (d, 1 H, 
J 7.5 Hz, NCH =CA), and 7.07 (d, 1 H, J 7.5 Hz, NCH =CH-); e.i.m.s.: m/z 323 
(M*), 308 (M* — Me) 262, 204, 155, and 149. 

Anal. Calc. for C;s;H2;N3;0;5-0.5 HO: C, 54.21; H, 6.67; N, 12.64. Found: C, 
54.66; H, 6.83; N, 12.49. 

4-Amino-1-[(1R, 2S, 3R)-2,3-dihydroxy-4-hydroxymethyl-4-cyclopenten-1- 
yl]-2(1H)-pyrimidinone (18). — From 17. A solution of 17 (43 mg) in methanol (1 
mL) and 2m HCI (2 mL) was stirred for 16 h at 30-35°. Methanol was removed 
under reduced pressure and the residual solution applied onto a column of Amber- 
lite CG-120 (H~) cation-exchange resin. After washing with water until neutral, 
elution with 0.07M NH,OH and evaporation under reduced pressure gave 18 (30 mg, 
94% yield), amorphous powder, [aly — 67.5° (c 1.84, methanol), R, (3:1:1 ethyl 
acetate-ethanol-water) 0.19; AMcOH 279, MeOH 259 nm; vim 3350, 3200, 1645, 1605, 
1500, 1400, 1285, and 1120 cm~'; 'H-n.m.r. (CD3;0D, CDCl; Me,Si): 4.04 (t, 1 H, 
J 5 Hz, OCH), 4.28 (s, 2 H, CH OH), 4.55 (d, 1 H, J 5 Hz, OCH), 5.48 (br.s, 1 H, 
NCH), 5.69 (s, 1 H, -CH =), 5.88 (d, 1 H, J 7.5 Hz, NCH = CH-.), and 7.39 (d, 1 H, 
J7.5 Hz, NCH =); e.i.m.s.: m/z 239 (M“* ), 222 (M* — OH), 203, 192, 112 (C + 2), 
111 (C + 1), and 110 (C). 
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From 21. To a solution of 21 (2.04 g) in methanol (30 mL) and water (6 mL) 
was added iodomethane (0.3 mL), followed by dropwise addition of Mm NaOH (5.5 
mL) under stirring in an ice bath. After the mixture had been stirred for 30 min at 
the same temperature, acetic acid was added until neutrality, and the mixture 
evaporated to dryness under reduced pressure. A solution of the residue in methanol 
(10 mL) was saturated with NH; at — 78° in a stainless-steel tube, and kept for 16h 
at 80-90°. The solvent was evaporated under reduced pressure, and the residue 
dissolved in water and applied onto a column of Amberlite IR-120 (H*) cation- 
exchange resin. Elution with 2% NH,OH and evaporation of the eluent under 
reduced pressure gave 18 (1.20 g, 94% yield), crystallized from aqueous ethanol (810 
mg), m.p. 208-212° (dec.), la] —94.5° (c 0.55, water); other spectroscopic data 
identical with those of the compound obtained from 17. 

Anal. Calc. for C;9H;3N304-0.5 HO: C, 48.38; H, 5.68; N, 16.93. Found: C, 
48.57; H, 5.57; N, 16.92. 

1-{/(1R, 2S, 3R)-2,3-Diacetoxy-4-acetoxymethyl-4-cyclopenten-1-yl]-2,4(1H, 
3H)-pyrimidinedione (20). — A mixture of 14 (6.07 g) and acetic anhydride (40 mL) 
in dry pyridine (80 mL) was stirred for 5 h at room temperature. The reaction was 
quenched by addition of methanol under ice cooling and the solvent removed under 
reduced pressure. The residual syrup was chromatographed in a column of silica gel 
with 3:1 ethyl acetate-hexane to give 20 (8.46 g, 91% yield), colorless, m.p. 149- 
150°; [a]l® — 70° (c 0.32, methanol); R, (ethyl acetate) 0.51; vi'™ 1740-1690, 1460, 
1380, and 1240 cm~'; 'H-n.m.r. (CDCI; Me,Si): 6 2.06 (s, 3 H, OAc), 2.12 (s, 6 H, 
2 OAc), 4.68 (br.s, 2H, -CH,OAc), 5.20 (t, 1 H, J 6.7 Hz, OCH), 5.70-5.94 (br, 4H, 
OCH, NCH, -CH=, -COCH =), 7.04 (d, 1 H, J/8 Hz, N-CH =), and 9.12 (brs, 1 
H, CONHCO). 

Anal. Calc. for Ci6H;gN2Oxg: C, 52.46; H, 4.95; N, 7.65. Found: C, 52.45; H, 
4.83; N, 7.62. 

In addition, the N°*,2’ ,3’ ,6’-tetraacetate was obtained (670 mg, 7% yield), 
syrup, vilm 1790, 1745, 1710, 1670, 1445, 1380, and 1240 cm '- 'H-n.m.r. (CDCI; 
Me,Si): 6 2.04, 2.10, 2.12 (3 s, 9 H, 3 OAc) 2.54 (s, 3 H, NAc), 4.70 (br.s, 2 H, 
CH,OAc), 5.21 (t, 1 H, J 6 Hz, OCH), 5.68-5.96 (m, 4H, OCH, NCH, COCH =, 
-CH =), and 7.09 (d, 1 H, J 8 Hz, N-CH=); e.i.m.s.: m/z 408 (M~*), 366 (M* — 
OAC), 350, 349, 307, and 204. 

1-[(1R, 2S, 3R)-2,3-Diacetoxy-4-acetoxymethyl-4-cyclopenten- 1-yl]-4-thio- 
2(1H, 3H)-pyrimidinone (21). — A mixture of 20 (1.5 g) and P»S; (3.3 g) in dry 
pyridine (18 mL) was stirred for 5 h at 100-110°, and then poured into ice-water. The 
precipitate was collected by filtration, washed with cold ethanol, and was purified 
by silica gel column chromatography with 1:1 chloroform-ethyl acetate to give 21 
(1.3 g, 83% yield) yellow crystals, m.p. 214-215°, [a] —84.5° (c 0.31, 9:1 chloro- 
form-methanol), R, (1:1 ethyl acetate—hexane; 0.26; d,,,, 333, (9:1 CHCl;-CH;0OH) 
Anini 278 nm; vKBr 1740, 1690, 1625, 1465, 1380, and 1375 cm~'; 'H-n.m.r. 
[((CD3)SO; Me,Si] 6 1.99, 2.04, 2.06 (3 s, 9 H, 3 OAc), 4.64 (br.s, 2 H, CH,OAc), 
5.32 (t, 1 H, J/6 Hz, OCH), 5.52 (br.s, 1 H, NCH), 5.79 (d, 1 H, J/6 Hz, OCH), 6.05 
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(s, 1 H, -CH=), 6.30 (d, J 8 Hz, 1 H, CSCH=), and 7.38 (d, J 8 Hz, 1 H, 
N-CH =); e.i.m.s.: m/z 382 (M“), 322 (M* - AcOH), 262, 255, 220, and 153. 

Anal. Calc. for C;46H;gN2O7S: C, 50.26; H, 4.74; N, 7.33. Found: C, 50.24; 
H, 4.90; N, 7.37. 

1-{/(1R, 2S, 3R)-2,3-Dihydroxy-4-hydroxymethyl-4-cyclopenten-1-yl]-2-oxo-4- 
thiopyrimidine (22). — Compound 21 (1.70 g) was treated with saturated methanolic 
NH; for 1 day at room temperature. The solvent was then evaporated off under 
reduced pressure and the residue chromatographed in a column of silica gel with 4:1 
chloroform-methanol to give 22 (950 mg, 83% yield), yellow foam, la]lp — 96.5° (c 
0.19, methanol), R, (3:1:1 ethyl acetate-ethanol-water) 0.68; AMcOH 336, 249 nm; 
vXBr 3350, 1690, 1610, 1460, 1260, and 1180 cm~'; 'H-n.m.r. (D,O; DSS): 6 4.18 
(t, J 5.5 Hz, 1 H, OCH), 4.30 (br.s, 2 H, CH,OH), 4.63 (d, 1 H, J 5.5 Hz, OCH), 
5.46 (br.s, 1 H, NCH), 5.81 (s, 1 H, CH=), 6.50 (d, 1 H, J 8 Hz, -CSCH =), and 
7.33 (d, 1 H, J 8 Hz, N-CH =); e.i.m.s.: m/z 258 (M* + 2), 256 (M“~), 149, 129 
(4-thioU + 1), and 128. 

(IR, 2S, 3R)-2,3 -Isopropylidenedioxy - 1 - [N - (3 - methoxy -2-methylacryloyl) 
ureido]-4-methoxymethyloxymethyl-4-cyclopentene (23). — A solution of 3 (2.29 g) 
in dry N,N-dimethylformamide (50 mL) was cooled to —45 to —50° in a dry 
ice-acetone bath. A solution of 3-methoxy-2-methylacryloyl isocyanate [prepared 
from 3-methoxy-2-methylacryloyl chloride (1.35 g) and AgNCO (3.00 g) in dry 
benzene by heating] was added dropwise under an Ar atmosphere. The mixture was 
stirred for 30 min at the same temperature and then for | h at room temperature, 
poured into ice-cold, satd. NaHCO; with vigorous stirring, and extracted with ethyl 
acetate several times. The combined organic layer was washed with water, dried 
(MgSO,), and evaporated to dryness under reduced pressure. The residue was 
chromatographed in a column of silica gel with 2:1 ethyl acetate-hexane to give 23 
(3.22 g, 87% yield), colorless syrup, R,; (1:1 ethyl acetate-hexane) 0.15; vi!™ 3250, 
2940, 1680, 1610, 1530, 1470, 1370, and 1300 cm~'; 'H-n.m.r. (CDCI;; Me,Si): 6 
1.32 and 1.38 [2 s, 6 H, C(CH3).], 1.76 (d, J 1.2 Hz, 3 H, CH;3C), 3.37 (s, 3 H, 
OMe), 3.86 (s, 3 H, MeO-CH =), 4.17 (s, 2H, CHO), 4.55 and 5.12 (2d, 2H, J 5.6 
Hz, 2 OCH), 4.67 (s, 2 H, OCH>O), 4.77 (m, 1 H, NCH), 5.67 (br.s, 1 H, -CH=), 
7.38 (d, 1 H, J 1.2 Hz, MeO-CH =), 8.36 (br.s, 1 H, CONHCO), and 8.65 (br.d, 
1H, CHNHCO); f.a.b.m.s.: m/z 371 (MH “* ). 

CHNAHCO); f.a.b.m.s.: m/z 371 (MH ° ). 

1-{(1R, 2S, 3R)-2,3-Isopropylidenedioxy-4-methoxymethyloxymethyl-4-cyclo- 
penten-1-yl]-5-methyl-2,4(1H, 3H)-pyrimidinedione (24). — To a solution of 23 
(3.0 g) in acetone (75 mL) was added 2.8% NH,OH (225 mL), and the mixture 
stirred with reflux for 15 h. The reaction was monitored by t.l.c. (1:1 ethyl acetate- 
hexane). After being cooled to room temperature, the mixture was evaporated under 
reduced pressure and the residue coevaporated to dryness with ethanol under 
reduced pressure several times. The residual syrup was chromatographed in a 
column of silica gel with 4:1 ethyl acetate-hexane to give 24 (2.17 g, 80% yield), 
colorless crystals, recrystallized from 1:1 ethyl acetate-ether, m.p. 139-140.5°, [a]> 
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—77.5° (¢c 1.37, chloroform); AMeO4 270 nm; vK® 3170, 3050, 1690, 1650, 1480, 
1460, 1380, 1370, and 1250 cm ~'; 'H-n.m.r. (CDCl,; Me,Si) 1.35 and 1.44 [2 s, 6H, 
C(CH;)2], 1.90 (d, 3 H, J 1.2 Hz, CH;-C=), 3.41 (s, 3 H, OMe), 4.30 (s, 2 H, 
CHO), 4.59 (d, 1 H, J 5.6 Hz, OCH), 4.72 (s, 2H, OCHO), 5.24 (d, 1 H, J 5.6 Hz, 
OCH), 5.38 (s, 1 H, NCH), 5.60 (br.d, 1 H, -CH=), 6.84 (d, 1 H, J 1.2 Hz, 
NCH =), and 9.00 (br, 1 H, CONHCO)); f.a.b.m.s.: m/z 339 (MH “~ ). 

Anal. Calc. for C;gH22N2O,: C, 56.79; H, 6.55; N, 8.28. Found: C, 57.17; H, 
7.10; N, 8.71. 

1-[(1R, 2S, 3R)-2,3 - Dihydroxy - 4- hydroxymethyl -4-cyclopenten - 1 - yl] -5- 
methyl-2,4(1H, 3H)-pyrimidinone (25). — A solution of 24 (4.55 g) in trifluoroace- 
tic acid (45 mL) and water (45 mL) was stirred for 3 h at 60°, and then for 13 h at 
room temperature. The mixture was evaporated and coevaporated to dryness with 
ethanol under reduced pressure several times. The residue was dissolved in a 
minimum amount of methanol, the solution mixed with silica gel (20 g), and the 
mixture dried under reduced pressure and placed on top of a column of silica gel 
which was developed with 5:1 chloroform-methanol. Evaporation of the eluate 
under reduced pressure afforded 25 (2.55 g, 75%), crystals recrystallized from 
aqueous ethanol, m.p. 210-211.5° (dec.); [a] — 108° (c 0.65, methanol); R, (5:1 
chloroform-methanol) 0.17; \#20 273 nm; vK® 3400, 3050, 1680, 1480, 1400, and 
1270 cm~'; 'H-n.m.r. [(CD3)2SO-D 0; Me,Si]: 5 1.76 (d, 3 H, J 1.0 Hz, CH3;-C =), 
3.89 (d, J 5.6 Hz, OCH), 4.07 (s, 2 H, CH»OH), 4.31 (d, 1 H, J 5.6 Hz, OCH), 5.33 
(m, 1 H, NCH), 5.48 (d, 1 H, J 1.71 Hz, -CH=), 7.16 (d, 1 H, J 1.0 Hz, NCH=), 
and 11.21 (br.s, 1 H, CONHCO); f.a.b.m.s.: m/z 255 (MH“*). 

Anal. Calc. for C,;,;,H,;4N2O;: C, 51.96; H, 5.55; N, 11.02. Found: C, 51.47; 
H, 5.80; N, 11.06. 

9-/(1R, 2S, 3R)-2-Hydroxy-3,6-O-(tetraisopropyldisiloxane-1,3-diyl)-4-cyclo- 
penten-1-yl]guanine (26). — To a solution of 9 (20.3 mg) and imidazole (22 mg) in 
dry N,N-dimethylformamide (1 mL) was added 1,3-dichloro-1,1,3,3-tetraisopro- 
pyldisiloxane (25 »L) under cooling in an ice bath. After the mixture had been 
stirred for 1 h at room temperature, water was added for quenching the reaction. 
The precipitate was collected by filtration and partitioned between chloroform and 
water. The organic layer was evaporated to dryness under reduced pressure and the 
residue chromatographed in a silica gel column with 30:1 chloroform-methanol to 
give 26 (22 mg, 58% yield), colorless solid, [al — 57.5° (c 0.45, methanol), R, (5:1 
chloroform-methanol) 0.57; v¥8 2950, 2870, 1690, 1630, 1600, 1470, 1370, and 
1090 cm~'; 'H-n.m.r. [((CD3)SO; Me,Si]: 6 1.1 (br.s, 28 H, 4 C(CH3)>], 4.20 (m, 1 
H, OCH), 4.43 (br.s, 2 H, CHO), 4.77 (d, 1 H, J 5.0 Hz, OCH), 5.16 (d, 1 H, J 6.0 
Hz, NCH), 5.78 (br.s, 1 H, -CH =), 6.36 (br, 2H, NH>), and 7.62 (s, 1 H, NCH=); 
f.a.b.m.s.: m/z 522 (MH~ ). 

9-/(1R, 3R)-3,6-O-(Tetraisopropyldisiloxane - 1,3 -diyl)-4-cyclopenten- 1 - yl] 
guanine (28). — To a solution of 26 (246 mg) in dry acetonitrile (150 mL) was added 
N,N'-thiocarbonyldiimidazole (130 mg). The mixture was stirred with reflux for 6 h 
under an Ar atmosphere, and then evaporated to dryness. To the residue, dissolved 
in dry benzene (150 mL), were added tributyltin hydride (0.5 mL) and a catalytic 
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amount of azo(isobutyronitrile), and the mixture was refluxed for 5 h under an Ar 
atmosphere. Evaporation under reduced pressure gave a syrup, which was chroma- 
tographed in a silica gel column with 20:1 chloroform-methanol to give 28 (95 mg, 
40% yield), amorphous solid, lalp — 74° (c 0.32, methanol), R, (10:1 chloroform- 

l 


methanol) 0.33; vk® 2850, 2880, 1700, 1630, 1600, 1470, 1370, and 1100 cm ©; 
'H-n.m.r. [CDCl,-(CD;).SO; Me,Si]: 6 1.1 [br.s, 28 H, 4 C(CH3)>], 2.32 (m, 2 H, 
CH;), 4.46 (br.s, 2 H, CHO), 5.20-5.50 (m, 2 H, NCH, OCH), 5.79 (br.s, 1 H, 
-CH =), 6.03 (br, 2 H, NH>), 7.73 (s, 1 H, NCH=), and 10.53 (br, 1 H, CONH); 
e.i.m.s.: m/z 506 (MH “~ ). 

9-/(1R, 3R)-3-Hydroxy-4-hydroxymethyl-4-cyclopenten-1l-yl]guanine (29). — 
To a solution of 28 (80 mg) in oxolane (20 mL) was added M tetrabutylammonium 
fluoride in oxolane (0.4 mL). The mixture was stirred for 10 min at room tempera- 
ture and evaporated under reduced pressure. A solution of the residue in methanol 
was applied to silica gel plates which were developed in 3:1:1 ethyl acetate-ethanol- 
water. Elution of the main band with 1:1 chloroform-methanol gave 29 (35 mg, 85% 
yield) as crystals, recrystallized from methanol, m.p. >250° (dec.); [a] —65° (c 
0.05, methanol); R, (3:1:1 ethyl acetate-ethanol-water) 0.47; \#20 253, 4420227 nm; 
'H-n.m.r. (CD3)2SO; Me,Si): 5 2.0-2.3 (m, 2 H, CH), 4.14 (s, 2 H, CH>OH), 
4.7-5.1 (m, 3 H, OCH, 2 OH), 5.39 (m, 1 H, NCH), 5.70 (d, 1 H, J 1.0 Hz, -CH =), 
6.44 (br, 2 H, NH>), 7.49 (s, 1 H, NCH=), and 10.57 (br, 1 H, CONH); c.i.m.s.: 
m/z 264 (MH ~* ). 

1-{(1R, 2S, 3R)-2-Hydroxy-3,6-O-(tetraisopropyldisiloxane-1,3-diyl)-4-cyclo- 
penten-1-yl]-2,4(1H, 3H)-pyrimidinedione (30). — To a solution of 12 (4.1 g) and 
imidazole (5.0 g) in dry N,N-dimethylformamide (77 mL) was added 1,3-dichloro- 
1,1,3,3-tetraisopropyldisiloxane (4.0 mL) under cooling in an ice bath. After the 
mixture had been stirred for 30 min at the same temperature, additional 1,3- 
dichloro-1,1,3,3,-tetraisopropyldisiloxane (1.2 mL) was added. The mixture was 
stirred for 1 h at room temperature, and then poured into ice-water with vigorous 
stirring and extracted with chloroform several times. The organic layer was separa- 
ted, washed with water, dried (MgSO,z), and evaporated under reduced pressure. The 
residue was purified by chromatography in a silica gel column with 3:1 chloro- 
form-ethyl acetate to give 30 (5.85 g, 71% yield), foam, R, (2:1 ethyl acetate-chloro- 
form) 0.37; 'H-n.m.r. (CDCl3; Me,Si): 6 1.09 [br.s, 28 H, 4 C(CH;)], 4.07 (m, 1 H, 
OCH), 4.46 (br.s, 2 H, CH,OH), 5.01 (d, 1 H, J 5.8 Hz, OCH), 5.43 (br.s, 1 H, 
NCH), 5.58 (br.s, 1 H, -CH =), 5.71 (d, 1 H, J 8.1 Hz, COCH =), 7.08 (d, 1 H, J8.1 
Hz, NCH =), and 8.74 (br, 1 H, CONHCO); f.a.b.m.s.: m/z 483 (MH *). 

1-[(1R, 2S, 3R)-2-Hydroxy-5-methyl-3,6-O-(tetraisopropyldisiloxane- 1,3 - 
diyl)-4-cyclopenten-1-yl]-2,4(1H, 3H)-pyrimidinedione (31). — To a solution of 25 
(1.03 g) and imidazole (1.74 g) in dry N,N-dimethylformamide (25 mL) was added 
1 ,3-dichloro-1,1,3,3-tetraisopropyldisiloxane (1.85 g) in dry N,N-dimethylforma- 
mide (5 mL) with exclusion of moisture under cooling in an ice bath. The mixture 
was stirred for 1 h at room temperature. After quenching of the reaction by addition 
of water, the supernatant was removed by decantation. The residue was partitioned 
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between chloroform and water, and the organic layer was dried (Whatman IPS filter 
paper) and evaporated under reduced pressure. The residue was purified by chroma- 
tography in a silica gel column with 4:1 chloroform-ethyl acetate to give 31 (1.35 g, 
68% yield), syrup which crystallized from ethanol, m.p. 206-209°, [a]h —14.5° (c 
0.45, chloroform), R, (2:1 chloroform-ethyl acetate) 0.33; vk: 3450, 2950, 2880, 
1700, 1470, 1390, 1380, 1260, 1100, and 1040 cm~'; 'H-n.m.r. (CDCI;; Me,Si): 6 
1.07 [br.s, 28 H, 4 C(CH3),], 1.90 (d, 3 H, J 1.2 Hz, CH;C =), 4.06 (m, 1 H, OCH), 
4.47 (br.s, 2 H, CHO), 5.01 (d, 1 H, J 5.4 Hz, OCH), 5.45 (m, 1 H, NCH), 5.58 
(br.s, 1 H, -CH=), 6.88 (d, 1 H, J 1.2 Hz, NCH=), and 8.72 (br. 1 H, 
CONHCO); c.i.m.s.: m/z 497 (MH * ). 

Anal. Calc. for Cs3H49N2O0¢Sio: C, 55.61; H, 8.12; N, 5.64. Found: C, 55.74; 
H, 8.22; N, 5.29. 

1-[(1R, 3R)-3,6-O-(Tetraisopropyldisiloxane- 1,3 -diyl)-4-cyclopenten- 1 -yl]- 
2,4(1H, 3H)-pyrimidinedione (34) and 1-[(1R, 2R, 3R)-2-2'-anhydro-3,6-O-(tetra- 
isopropyldisiloxane-1,3-diyl)-4-cyclopenten-1-yl]-4(1H)-pyrimidinone (38). — (a). A 
mixture of 31 (2.13 g) and N,N’-thiocarbonyldiimidazole (1.73 g, 1.1 equiv.) in dry 
acetonitrile (S50 mL) was refluxed for 3 h under an Ar atmosphere. Tributyltin 
hydride (9.51 mL, 4 equiv.) and a catalytic amount of azo(isobutyronitrile) were 
added, and the mixture refluxed for 1 h. The reaction was monitored by t.l.c. with 
2:1 chloroform-ethyl acetate. The mixture was evaporated under reduced pressure 
and the residue chromatographed in a column of silica gel, developed with 4:1 
hexane-ethyl acetate to afford 34 (920 mg, 44.7% yield), colorless syrup which 
crystallized from ethanol, m.p. 160-163°, [a] —92° (c 0.08, chloroform), R, (2:1 
ethyl acetate-chloroform) 0.5; \McOH 267, \McOH 233 nm; vKBr 2950, 2870, 1693, 
1620, 1465, and 1380 cm~'; 'H-n.m.r. (CDCI; Me,Si): 5 1.06 [br.s, 28 H, 4 
C(CH3)2], 2.06 and 2.44 (ddd, 1 H, J 4,7,14 Hz; ddd, 1 H, / 4,8,14 Hz, CH>), 4.44 
(br.s, 2H, CHO), 5.20 (br, 1 H, HCOSi), 5.56 (s, 1 H, -CH =), 5.70 (dd, 1 H, J 1.8 
Hz, COCH =), 5.80 (br, 1 H, NCH), 7.09 (d, 1 H, J 8 Hz, NCH =), and 9.60 (br, 1 
H, CONHCO); e.i.m.s.: m/z 466 (M * ), 426, 425, 424, and 423 [M* — C(CH;)p»]. 

Anal. Calc. for Co2H3gN.0-;Si»: C, 56.62; H, 8.21; N, 6.00. Found: C, 56.51; 
H, 8.07; N, 6.06. 

Further elution with 30:1 chloroform-methanol gave 37 (607 mg, 30% yield), 
m.p. 201-203°, [al® — 226° (c 0.36, chloroform), R, (2:1 chloroform-ethyl acetate) 
0.07; AMcOH 256, 227 nm; 3450, 2950, 2880, 1660, 1530, 1480, 1260, 1110, and 1040 
cem~'; 'H-n.m.r. (CDCI3; Me,Si): 6 1.12 [br.s, 28 H, 4 C(CH3)2], 4.42 (br.s, 2 H, 
CHO), 5.21-5.42 (m, 3 H, NCH, 2 OCH), 5.82 (br.s, 1 H, -CH=), 6.02 (d, 1 H, J 
7.6 Hz, COCH=), and 7.29 (d, 1 H, J 7.6 Hz, NCH=); f.a.b.m.s.: m/z 465 
(MH ~). 

(b). A mixture of 30 (508 mg) and N,N’-thiocarbonyldiimidazole (188 mg) in 
dry acetonitrile (30 mL) was refluxed for 2 h under an Ar atmosphere. Additional 
N, N'-thiocarbonyldiimidazole (188 mg) was added, and refluxing was continued for 
3 h. The mixture was cooled to ambient temperature, the solvent removed by 
evaporation under reduced pressure with exclusion of moisture, and the residue 
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dissolved in dry benzene (40 mL). Butyltin hydride (2.84 mL) and a catalytic amount 
of azo(isobutyronitrile) were added at 80°, the mixture was stirred for 1 h at 80°, 
and the solvent removed under reduced pressure. Compound 34 (387 mg, 79% yield) 
was obtained by chromatography of the residue in a column of silica gel with 6:1 
chloroform-ethyl acetate. 

5-Methyl-1-[(1R, 3R)-3,6-O-(tetraisopropyldisiloxane-1,3-diyl)-4-cyclopenten- 
]-yl]-2,4(1H, 3H)-pyrimidinedione (35). — A solution of 31 (1.90 g) and N,N’-thio- 
carbonyldimidazole (818 mg, 1.2 equiv.) in dry acetonitrile (SO mL) was refluxed 
for 3 h under an Ar atmosphere. Additional N,N’-thiocarbonyldiimidazole (545 mg, 
0.8 equiv.) was added and refluxing continued for 3 h. The mixture was evaporated 
to dryness under reduced pressure with exclusion of moisture, and the residue 
dissolved in dry benzene (150 mL). Butyltin hydride (9.80 mL) and a catalytic 
amount of azo(isobutyronitrile) were added at 80°, the mixture stirred for 1.5 h at 
the same temperature, and the solvent removed under reduced pressure. The residue 
was chromatographed in a column of silica gel with 6:1 chloroform-ethyl acetate to 
give 35 (1.40 g, 77% yield), syrup which crystallized from ethanol, m.p. 162-164°, 
[a]p +5.2° (c 0.27, chloroform), R, (2:1 chloroform-ethyl acetate) 0.26; vXBr 3440, 
2950, 2870, 1690, 1470, 1380, 1260, 1100, and 1030 cm ~'; 'H-n.m.r. (CDCI;;Me,Si): 
6 1.07 [br.s, 28 H, 4 C(CH3),], 1.89 (d, 1 H, J 1.2 Hz, CH;C =), 2.12 and 2.35 (2 m, 
2 H, CH>), 4.46 (br.s, 2 H, CHO), 5.21 (m, 1 H, OCH), 5.57 (br.s, 1 H, -CH=), 
5.76 (m, 1 H, NCH), 6.89 (d, J 1.2 Hz, 1 H, NCH=), and 8.98 (br.s, 1 H, 
CONHCO); c.i.m.s.: m/z. 

Anal. Calc. for Co3H49N2O0-Siz: C, 57.46; H, 8.39; N, 5.83. Found: C, 57.39; 
H, 8.46; N, 5.49. 

1-[/(1R, 3R)-3-Hydroxy-4-hydroxymethyl-4-cyclopenten-1-yl]-2,4(1H, 3H)-py- 
rimidinedione (36). — To a solution of 34 (985 mg) in oxolane (35 mL) was added m 
tetrabutylammonium fluoride (5.1 mL) in oxolane. The mixture was stirred for 30 
min at room temperature and then evaporated under reduced pressure. The residue 
was partitioned between chloroform and water. The aqueous layer was separated 
and evaporated under reduced pressure. A chromatographic purification in a 
column of silica gel with 10:1 chloroform-methanol afforded 36 (353 mg, 71% 
yield), foam which was crystallized from ethanol, m.p. 147-149°, [a]# — 46° (c 
0.36, methanol, R, (5:1 chloroform-methanol) 0.23; \#20 268 nm; vk8r 3400, 3170, 
1700, 1470, 1420, 1400, 1280, and 1250 cm~'; 'H-n.m.r. [(CD3)SO; Me,Si]: 6 
1.80-2.29 (m, 2 H, CH>), 4.12 (d, J 4.0 Hz, CH,OH), 4.65-4.88 (m, 3 H, OCH, 2 
OH), 5.49-5.57 (m, 3 H, NCH, -CH=, COCH =), 7.20 (d, 1 H, J 7.8 Hz, NCH=), 
and 11.04 (br, 1 H, CONHCO); c.i.m.s.: m/z 225 (MH “* ). 

Anal. Calc. for C;9H;2N2O4: C, 53.57; H, 5.39; N, 12.50. Found: C, 53.33; 
H, 5.68; N, 12.81. 

1-/(1R, 3R)-3-Hydroxy-4-hydroxymethyl-4-cyclopenten- 1-yl]-5-methyl-2,4- 
(1H, 3H)-pyrimidinedione (37). — A mixture of 35 (97 mg) and o tetrabutylammo- 
nium fluoride in oxolane (0.42 mL) was treated in a manner similar to that just 
described. A chromatographic purification by preparative t.l.c. with 5:1 chloro- 
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form-methanol gave 37 (44 mg, 92% yield) as colorless crystals which were recrys- 
tallized from aqueous ethanol, m.p. >210° (dec.), [alp —31° (c 0.42, methanol), R, 
(5:1 chloroform-methanol) 0.33; A¥#20 272, \H#. 272, ACH 270 nm; vKBr 3380, 3170, 
3030, 1680, 1480, 1290, and 1260 cm ~'; 'H-n.m.r. [(CD3)SO; Me,Si]: 6 1.75 (d, 3 H, 
J 1.2 Hz, MeC =), 1.9-2.1 (m, 2 H, CH), 4.11 (d, 2 H, J 5.0 Hz, CH,OH), 4.75 (m, 
1 H, OCH), 5.53 (m, 2 H, NCH, -CH=), and 7.07 (d, 1 H, J 1.2 Hz, NCH=); 
c.i.m.s.: m/z 239 (MH “*). 

Anal. Calc. for C;;H,4N204-2/3H.2O: C, 52.58; H, 6.55; N, 11.15. Found: C, 
52.78; H, 6.00; N, 11.39. 

1-[/(1R, 2R, 3R)-2,2'-Anhydro-3-hydroxy-4-hydroxymethyl-4-cyclopenten-1- 
yl]-4(1H)-pyrimidinone (39). — Treatment of 38 (460 mg) as just described gave 39 
(224 mg, quantitative yield), [a]l> —171° (¢c 0.23, methanol), R, (5:1 chloroform- 
methanol) 0.10; \#20 257, 225 nm; vk8t 3400, 3220, 1650, 1620, 1520, 1480, 1250, 
1230, and 1100 cm~'; 'H-n.m.r. [(CD3)SO; Me,Si]: 5 4.09 (br.s, 2H, CH,O), 4.72 
(br.s, 1 H, OCH), 5.12 (d, 1 H, J 7.1 Hz, OCH), 5.76 (d, 1 H, J 7.3 Hz, COCH =), 
5.87 (d, 1 H, J 1.0 Hz, -CH=), and 7.76 (d, J 7.3 Hz, NCH =); c.i.m.s.: m/z 223 
(MH *). 

1-[(1R, 3R)-3-Acetoxy-4-acetoxymethyl-4-cyclopenten-1-yl]-2,4(1H, 3H)- 
pyrimidinedione (40). — A mixture of 36 (1.44 g) and acetic anhydride (15 mL) in 
dry pyridine (30 mL) was stirred for 16 h at ambient temperature. After quenching 
of the reaction by addition of methanol under cooling in an ice bath, the solvent was 
removed under reduced pressure. The residue was partitioned between chloroform 
and water, and the organic layer separated, dried (Whatman IPS filter paper), and 
concentrated under reduced pressure. The residue was purified by chromatography 
in a silica gel column with ethyl acetate-hexane, and then ethyl acetate to give 40 
(1.74 g, 88% yield), colorless foam, lal — 54° (c 0.24, methanol), R, (ethyl acetate) 
0.42; \MeOH 267, MeOH 232.5 nm; vKBr 1740, 1690, 1460, 1375, and 1235 cm7!; 
'H-n.m.r. (CDCI;/Me,Si): 6 2.08 and 2.12 (2 s, 6 H, 2 OAc), 2.20 and 2.52 (m, 2 H, 
CH), 4.75 (br.s, 2 H, CH,OAc), 5.76 (d, 1 H, J 8 Hz, COCH=), 5.90 (br, 3 H, 
CHOAc, NCH, -CH=), 7.05 (d, 1 H, J 8 Hz, NCH=), and 9.76 (br, 1 H, 
CONHCO); e.i.m.s.: m/z 309(M~* + 1), 308 (M*), 249(M* — OAc), 248 (M* — 
AcOH), 206, and 205. 

1-[(1R, 3R)-3-Acetoxy-4-acetoxymethyl-4-cyclopenten-1-yl]-2-oxo-4-thiopyri- 
midine (41). — To a solution of 40 (1.70 g) in pyridine (20 mL) was added PS; (4.40 
g), and the mixture stirred for 5 h at 100-110°. Compound 42 (1.55 g, 87% yield) 
was obtained in the same manner as described before for 20 from 21, pale yellow 
foam, [a]p — 36° (c 0.22, methanol); R, (1:1 ethyl acetate-hexane) 0.39; \McOH 335, 
\McOH 277.5 nm; vKBr 1740, 1710, 1615, 1455, 1370, 1235, and 1135 cm~'; 'H-n.m.r. 
(CDCI,; Me,Si): 6 2.08 and 2.12 (2s, 6 H, 2 OAc), 2.22 and 2.54 (m, 2 H, CH>), 4.72 
(br.s, 2H, CH,OAc), 5.88 (br, 3 H, NCH, OCH, -CH =), 6.40 (dd, 1 H, J 2.8 Hz, 
CSCH =), 6.86 (d, 1 H, J/8 Hz, NCH=), and 10.10 (br.s, 1 H, CONHCS); e.i.m.s.; 
m/z 326 (M* + 2), 324(M‘~), 204 (M* — 2 AcOH), 197, 137, and 95. 

4-Amino-1-[(1R, 3R)-3-hydroxy-4-hydroxymethyl-4-cyclopenten-1-yl]-2(1H)- 
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pyrimidinone (42). — To a solution of 41 (1.35 g) in methanol (20 mL) and water (5 
mL) was added iodomethane (2 mL), and M NaOH (4.5 mL) was added dropwise 
under cooling in an ice bath. The mixture was stirred for | h at the same tempera- 
ture, and then made neutral with 10% acetic acid in methanol. The solvent was 
removed under reduced pressure, the residue dissolved in methanol (5 mL), and 
liquid ammonia (15 mL) added under cooling at — 78°. The mixture was kept, in a 
stainless steel tube, for 5 h at 90°, and then 16 h at 65°, evaporated under reduced 
pressure, and the residue treated with activated charcoal in methanol. The solvent 
was removed under reduced pressure and the residue, dissolved in dilute HCI, was 
applied onto a column of Amberlite CG-120 (H*) cation-exchange resin. After 
washing with water, elution with 70 mm NH,OH gave 42 (850 mg, 92% yield), 
slightly yellow foam which crystallized from ethanol, m.p. 188-191° (dec.), [a] 
— 12.5° (c 0.22, methanol), R, (3:1:1 ethyl acetate-ethanol-water) 0.35; AMcOH 276, 
\McOH 260 nm. vKBr 3325, 3200, 1640, 1607, 1530, 1485, and 1395 cm~'; 'H-n.m.r. 
[((CD;)SO; Me,Si]: 6 1.82 and 2.12 (m, 2 H, CH), 4.08 (br.s, 2 H, CH,OH), 4.68 
(br.s, 1 H, CHOH), 5.49 (br.s, 2 H, -CH=C), NCH), 5.64 (d, 1 H, J 8 Hz, 
-~CH=CH-N), and 7.18 (d, 1 H, J 8 Hz, -CH=CAN); e.i.m.s.: m/z 206 (M* 
— QOH), 205 (M* — HO), 188, 187, 116, 114, 113, and 112. 

Anal. Calc. for C;9H;3N302: C, 53.81; H, 5.87; N, 18.82. Found: C, 53.40; 
H, 5.77; N, 18.75. 

1-[(1R, 3R)-3-Hydroxy-4-hydroxymethyl-4-cyclopenten-1-yl]-2-oxo-4-thiopy- 
rimidine (43). — A solution of 42 (110 mg) in methanol (3 mL) was saturated with 
NH, under cooling in an ice bath. The mixture was kept in a stoppered container for 
16 h at room temperature, the solvent removed under reduced pressure, and the 
residue purified by chromatography in a column of silica gel with 5:1 chloroform- 
methanol to give 43 (81 mg, quantitative yield), yellow oil, [a]j —1.6° (c 0.8, 
methanol; R, (3:1:1 ethyl acetate-ethanol-water) 0.76; AMcOH 336, \McOH 278 nm; 


max 


yiilm 3375, 1690, 1610, 1460, 1250, 1135, and 1070 cm™'; 'H-n.m.r [(CD3)2SO; 
Me,Si]: 6 2.24 (m, 2 H, CH3), 4.28 (br.s, 2 H, CH>OH), 4.80-4.90 (br, 1 H, OCH), 
5.68 (br.s, 2H, NCH, -CH =), 6.30 (d, 1 H, J 8 Hz, -CSCH =), and 7.13 (d, 1 H, J 
8 Hz, NCH =); e.i.m.s.: m/z 241 (M* + 1), 240 (M*), 149, 129, and 128. 

1-{(1R, 2R, 3R)-2,2'-Anhydro-3,6-O-(tetraisopropyldisiloxane- 1,3 -diyl)-4- 
cyclopenten-1-yl]-4(1H)-pyrimidinone (38). — To a solution of 30 (900 mg) and 
4-dimethylaminopyridine (235 mg) in dry pyridine (5 mL) were added triethylamine 
(0.27 mL) and then trifluoromethanesulfonyl chloride (0.22 mL). The mixture was 
stirred for 2 h at room temperature, and then poured into ice-water and extracted 
with chloroform several times. The combined organic layer was washed with water, 
dried (Whatman IPS filter paper), and evaporated under reduced pressure. The 
residue was chromatographed in a column of silica gel with 50:1 chloroform-metha- 
nol to give 38 (460 mg, 53% yield), identical in all respects with that obtained from 
32. 

1-{(1R, 2R, 3R)-2,3-Diacetoxy-4-acetoxymethyl-4-cyclopenten-1-yl]-2,4(1H, 
3H)-pyrimidinedione (45). — A solution of 39 (220 mg) in water (1 mL) and m 





ANALOGS OF NEPLANOCIN A 257 


NaOH (0.5 mL) was stirred for one day at room temperature, and then for one day 
at 60°. After neutralization with 2M acetic acid, the solvent was removed under 
reduced pressure. The remaining solvent was codistilled several times with dry 
pyridine to afford crude 44, which was dissolved in dry pyridine (5 mL) and acetic 
anhydride (0.5 mL). The mixture was stirred for 5 h at room temperature, the 
reaction quenched by addition of methanol, and the solvent removed under reduced 
pressure. The residue was partitioned between chloroform and water. The organic 
layer was separated, dried (Whatman IPS), and evaporated to dryness under redu- 
ced pressure. The residue was purified by chromatography in a silica gel column 
with 40:1 chloroform-methanol to give 45 (355 mg, 98% yield), syrup, [a] — 24.5° 
(c 0.40, methanol), R, (20:1 chloroform-methanol) 0.27; 'H-n.m.r. (CDCI,; Me,Si): 
6 1.99, 2.12 and 2.13 (3 s, 9 H, 3 OAc), 4.71 (br.s, 2 H, CH2OAc), 5,42 (t, 1 H, J 
3.0,6.0 Hz, OCH), 5.70 (d, 1 H, J/8.1 Hz, COCH =), 5.6-6.0 (m, 3 H, NCH, OCH, 
-CH =C), 7.03 (d, 1 H, J 8.1 Hz, NCH =), and 9.30 (br, 1 H, CONHCO); c.i.m.s.: 
m/z 367 (MH~ ) and 307 (MH* — AcOH). 

1-{/(1R, 2R, 3R)-2,3-Diacetoxy-4-acetoxymethyl-4-cyclopenten- 1 -yl]-4-thio- 
2(1H, 3H)-pyrimidinone (46). — To a solution of 45 (350 mg) in dry pyridine (7 mL) 
was added P,S; (770 mg). The mixture was stirred for 4 h at 100-110°, and then 
poured into ice-water and extracted with chloroform several times. The combined 
organic layer was dried (Whatman IPS) and evaporated under reduced pressure, 
and the residue chromatographed in a column of silica gel with 50:1 chloroform- 
methanol to give 46 (329 mg, 90% yield), pale-yellow amorphous powder, characte- 
rized only by 'H-n.m.r. and used without further purification; R, (20:1 chloro- 
form-methanol) 0.49; 'H-n.m.r. (CDCI,; Me,Si): 6 1.98 (s, 3 H, OAc), 2.10 (s, 6 H, 
2 OAc), 4.70 (br.s, 2 H, CH OAc), 5.47 (dd, 1 H, J 3.0,6.0 Hz, CHOAc), 5.7-6.0 
(m, 3 H, NCH, CHOAc, -CH = C), 6.37 (d, 1 H, J 7.0 Hz, CSCH = ), and 6.87 (d, 1 
H, J 7.0 Hz, NCH=). 

4-Amino-1-[(1R, 2R, 3R)-2,3-dihydroxy-4-hydroxymethy!-4-cyclopenten-1- 
ylj]-2(1H)-pyrimidinone (48). — To a mixture of 46 (320 mg) and iodomethane (0.12 
mL) in methanol (15 mL) and water (3 mL) was added dropwise M NaOH (1.1 mL). 
After the mixture had been stirred for 1 h at room temperature, 10% acetic acid was 
added to the reaction mixture to neutrality. The solvent was evaporated to dryness 
under reduced pressure to afford crude 47. A solution of 47 in methanol (20 mL) 
was saturated with NH; at — 78° in a stainless-steel tube and kept for 9 h at 90°. It 
was concentrated under reduced pressure, and the residue applied to preparative 
silica gel plates which were developed in 1:1 chloroform-methanol. The major band 
was separated and eluted with 1:1 chloroform-methanol to give 48 (85 mg, 43% 
yield), which crystallized from methanol, m.p. >262° (dec.), [a]l> + 49° (c 0.23, 
water), R, (10:6:3:4 butyl acetate-acetic acid-acetone-water) 0.17; vX® 3400, 3330, 
3210, 1650, 1490, 1400, 1290, 1210, and 1030 cm~'; 'H-n.m.r. [((CH3)2SO-D,O; 
Me,Si]: 6 4.07 (m, 3 H, CHOH, CH,OH), 4.30 (dd, 1 H, J 1.0, 5.4 Hz, CHOH), 
5.50 (m, 2 H, NCH, -CH=C), 5.59 (d, J 7.3 Hz, -CH=CH-N), 6.90 (br, 2 H, 
NH,), and 7.10 (d, J 7.3 Hz, 1 H, NCH =); c.i.m.s.: m/z 240 (MH “*). 
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Anal. Calc. for CjgH;3N3;0,4: C, 50.20; H, 5.48; N, 17.57. Found: C, 49.92; 
H, 5.50; N, 17.39. 
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ABSTRACT 


Electrophile-mediated cyclization of 3,4,6-tri-O-benzyl-1,2-dideoxy-p- 
arabino-hex-1-enitol with N-bromosuccinimide yielded primarily 2,5-anhydro- 
3,4,6-tri-O-benzyl-1-bromo-1-deoxy-D-glucitol (10). This apparently kinetically 
controlled reaction was of key importance in the successful synthesis of a phospho- 
nate analog of B-D-arabinose 1 ,5-bisphosphate (1), namely, 2,5-anhydro-1-deoxy-1- 
phosphono-p-glucitol 6-phosphate (4), with high stereoselectivity. By contrast, 


condensation of the sodium salt of tetraethyl methylenediphosphonate and 2,3,5- 
tri-O-benzyl-D-arabinose (7) gave a phosphonate compound slightly enriched in 
the 2,5-anhydro-D-mannitol (@) isomer. In the Wittig—Michael reaction of 
stabilized phosphoranes with 7, the a isomer preponderated. Since equilibration of 
methyl 3,6-anhydro-4,5,7-tri-O-benzyl-2-deoxy-D-glycero-D-galacto- (33) and -D- 
gulo-heptonate (34) (5:1) resulted in a 1:1 @:B ratio, the preference for the 2,5- 
anhydro-D-mannitol (a) isomer probably reflects a kinetic bias. The carbomethoxy 
anomers were converted independently into the @ and B carboxylate isosteres (5 
and 6, respectively) of D-arabinose 1,5-diphosphate. Empirical force field calcula- 
tions (MMP2) and n.m.r. experiments were conducted on the pairs of diastereom- 
ers 9 and 10, and 33 and 34. The calculations predict that the a and B anomers of 
each pair have similar energies, differing by only 2.1 kJ/mol. Compounds 4, 5, and 
6 were evaluated for biological activity. 


INTRODUCTION 


Research into the synthesis and biological properties of C-glycosyl com- 


*A preliminary communication has been published (see ref. 8). 
‘To whom correspondence should be addressed. 
*Correspondence concerning the MMP2 calculations should be addressed to this author. 
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pounds has expanded over the last decade'. Our interest in this area arose out of 
a desire to obtain stable analogs of D-arabinose 1,5-bisphosphate’ (1), the B 
anomer™* of which (2) retains a significant portion of the biological activity of B-p- 
fructose 2,6-diphosphate** (3). Compounds 2 and 3 are activators of 6-phospho- 
fructo-1-kinase (EC 2.7.1.11) and inhibitors of fructose 1,6-bisphosphatase (EC 
3.1.3.11), important enzymes in the metabolism of D-glucose. Since the anomeric 
phosphate group in 2 and 3 is very prone to hydrolysis, we decided to synthesize 
the phosphonate and carboxylate analogs, 4-6, as stable isosteres (for examples of 
the synthesis and use of phosphonates as phosphate isosteres, see refs. 5-8). 

In our synthetic studies, we have prepared compounds highly or totally 
enriched in either C-B- or -a-D-arabinofuranosyl structures. Our preliminary com- 
munication® briefly described the synthesis of 4 in a stereoselective manner. Herein, 
we report the full details of this synthesis, as well as alternative approaches to the 
synthesis of 4 and the synthesis of the carboxylate isosteres § and 6. Additionally, 
we have performed empirical-force-field (EFF) calculations and n.m.r. experiments 
on several of the C-D-arabinofuranosyl compounds. 


RESULTS AND DISCUSSION 


Phosphonate synthesis. — Condensation of the protected D-arabinose deriva- 
tive 7 with 2.3 mol equiv. of methylenetriphenylphosphorane in oxolane (THF) 
gave the alkenol 8 in 68% yield*®. Treatment of 8 with N-bromosuccinimide 
afforded, almost quantitatively, an 11:89 mixture of the a and B anomers 9 and 10, 
respectively, which were not separable by t.l.c.*’. As we have already reported®, a 
similar cyclization of 8 with mercuric acetate!? produced the mercurials 11 and 12 
in an 11:89 ratio (after exchange to the bromide). 

A related sequence, involving methylenetriphenylphosphorane and 2,3,4,6- 
tetra-O-benzyl-D-glucose, has been reported by Pougny et al.'°. In their example, 


“Throughout the paper, the term “anomer” is used in the same context for C-glycosyl compounds as for 
carbohydrates. In the Experimental section where the 2,5-anhydro-pD-hexitol nomenclature is used, the 
a and B anomers correspond to the D-manno and D-gluco epimers, respectively. 
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electrophile-mediated cyclization of a homologous alkenol with mercuric acetate 
led to a single (a) anomer. The importance of this result is that the cyclization 
proceeded in a manner cis to the proximal (originally allylic) benzyl ether sub- 
stituent, an effect Pougny et a/.'° attributed to through-space coordination between 
the proximal benzyl ether and the electrophile'®-!'. We have suggested® that this 
stereoselectivity may be due to the through-bond electronic influence of the 
proximal benzyl ether, such as predicted by the “inside alkoxy” effect!?. Several 
research groups have obtained similar stereochemical results for haloetherifications 
of allylic ethers and alcohols!*, as well as kinetic halolactonization reactions!*:! 
(especially in the presence of allylic oxygen substituents). 

The 11:89 mixture of 9 and 10 was transformed into 4 as follows®. An Ar- 
busov reaction with diphenylethyl phosphite!®'’ gave the diphenyl phosphonate 13. 
On removal of the benzyl ether groups by catalytic hydrogenolysis with palladium 
and hydrogen or transfer hydrogenation, considerable decomposition took place. 
The diphenylphosphoryl ester group of the phosphonate may have cyclized onto 
the free adjacent hydroxyl group in a side-reaction following debenzylation, a 
problem observed previously in a related system'*. Consequently, we sought to 
prepare alcohol 14 from 13. Selective deprotection with a pyridine-poisoned 
catalyst? gave a low yield of 14. Alternatively, we treated 13 carefully with one mol 
equiv. of iodotrimethylsilane’’ to furnish 14 in 25-40% yield. This compound was 
phosphorylated conventionally to give 15 which, fortunately, is a solid, and crystal- 
lization supplied material consisting solely of the B anomer (as determined by °C 
n.m.r. spectrometry®°). The overall yield of 15 from the mixture of 9 and 10 was 
around an unacceptably low 10%. Thus, we developed an alternative synthesis in 
which the low-yielding, selective debenzylation step (e.g., 13 to 14) was performed 
first. Acid-catalyzed acetolysis*? of an 11:89 mixture of 9 and 10 produced the 
monoacetate 16 in 86% yield. Deacetylation gave 17, phosphorylation of which 
produced the phosphate 18, also in high yield (60% from 16). The Arbusov reaction 
proceeded in the same manner as mentioned earlier, giving desired 15 in ~40% 
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yield. By use of this route, the total yield of 15 from the mixture of 9 and 10 was 
~20%. 

Deprotection of 15 proved to be more difficult than anticipated, thus, 
ironically, it was a major challenge in the synthesis. Lithhum—ammonia reduction, 
which had been employed effectively by us in the synthesis of anomeric phos- 
phates’, resulted in extensive decomposition. Attempted hydrolysis of the phenyl 
phosphoryl esters also caused decomposition, and hydrogenolysis in the presence 
of platinum not only removed the four phenyl groups, but also led to mono- 
debenzylation and reduction of one of the benzyl ether groups into a cyclohexyl- 
methyl group. Initial debenzylation with 10% palladium-on-carbon proceeded 
slowly, and it appeared that cyclization to a cis-fused 1,2-oxaphospholane had again 
occurred, similar to the observation made in the hydrogenolysis of 13 (see above)'®. 
Transfer hydrogenation (cyclohexene) went slowly as well, and the desired product 
was obtained in only a low yield (~10—20%). We explored the use of fluoride ion”, 
which is a good nucleophile, for promoting phosphoryl ester hydrolysis. The phenyl 
esters were removed with cesium or tetrabutylammonium fluoride in oxolane, but 
all of the resultant fluorine—phosphorus bonds could not be efficiently hydrolyzed, 
possibly owing to the greater stability of the second P—F bond on each phosphorus 
atom*4. However, conversion of 15 to the tetramethyl ester 19 in 65% yield was 
successfully achieved by use of cesium fluoride in refluxing methanol. The fluoride 
ion was essential, as 15 remained unchanged when heated in refluxing methanol. 
Compound 19 was stereochemically pure (8-D anomer) as shown by 'C-n.m.r. 
spectroscopy. Hydrogenolysis of 19 with 10% palladium-on-carbon removed the 


] i 

| 

i! | 
EtO)sPCHoP(OEt) 


21 
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benzyl ethers, but proceeded with cyclization of the phosphonyl group onto the 
adjacent hydroxyl group ('H-n.m.r. and mass spectral evidence). We had intended 
to transform 19 into 4 with iodotrimethylsilane'?; however, this was preempted by 
the discovery of the following, three-step sequence to deprotect 15. Treatment with 
2.1 mol equiv. of tetramethylammonium hydroxide released two of the phenyl 
esters, presumably one from each phosphorus atom. At this point, the benzyl ethers 
were removed by hydrogenolysis without the problem of intramolecular cyclization, 
probably because the phosphonate group was protected as a monoanion. Finally, 
the phenyl esters were removed with hydrogen and platinum to give 4, which was 
purified by selective precipitation as the disodium salt (34% overall yield from 15). 

We also investigated the preparation of phosphonate intermediates directly 
from 7. Attempted condensation of the stabilized phosphorane®?! 20 with 7 in 
toluene at 110° or dimethyl sulfoxide at 50° resulted in no reaction. Condensation 
of 7 with tetraethyl methylenediphosphonate (21) under alkaline, two-phase 
conditions’ was unsuccessful, as well. However, 7 reacted with the anion derived 
from the diphosphonate 21 in a homogeneous system to give 22 and 23 in ~50% 
yield with an a-to-B ratio of 2:1 (these anomers were inseparable by t.l.c.)”. 

In another approach to a phosphonate intermediate, 7 was treated with 1,3- 
propanedithiol in the presence of methanesulfonic acid to generate the alcohol 28 
(40% yield), which was protected by treatment with fert-butylchlorodimethylsilane 
to give 29 (100% yield). Testing of various methods for removal of the dithiane 
residue led us to employ N-bromosuccinimide in aqueous acetonitrile at —10°; this 
gave the desired compound 30 in 50-99% yield. Unfortunately, on a large scale (70 
mmol of 29), the silylated aldehyde 30 was contaminated with a considerable 
proportion of 7, which could not be readily separated. We suppose that 7 was 
regenerated by attack of a transient thionium ion*, formed during removal of the 
dithiane group, on the oxygen atom of the silyl ether, followed by desilylation and 
hydrolysis of the anomeric thiol. Alternatively, the alkenol 8 was protected with 
the fert-butyldimethylsilyl group and subjected to ozonolysis (using a dimethyl 
sulfide workup) to afford 30 in 70% yield. Reaction of 30 with the stabilized ylide 
20 or diphosphonate 21 gave intermediates 26 or 27, respectively, both in yields of 
~20-40%. Treatment of 27 with fluoride ion gave 22 and 23 (~25%), enriched in 
the a-D anomer 23 (a: B ratio was 2:1). However, treatment of 26 with fluoride ion 
in oxolane or ethanol, or under a number of acidic conditions, led to decomposition 
without formation of 24 and 25. Although these exploratory reactions were not 
optimized, they demonstrated the feasibility of other approaches to phosphonate 
isosteres of 2. We elected to concentrate upon the electrophile-mediated cyclization 
of 8 (viz. 8 to 10), because it led to the B-p configuration (4), thought* to be essen- 
tial for biological activity**. 


*For an example of this type of reaction, see ref. 26. 

**McClard et al.* have described the preparation of a mixture of 4 and its 2,5-anhydro-p-mannitol 
epimer. This mixture had a similar potency in activating phosphofructo-1-kinase, relative to that of our 
sample of 4, but was a more effective inhibitor of fructose-1,6-bisphosphatase, suggesting that 2,5- 
anhydro-D-mannitol epimer may be a potent inhibitor of this latter enzyme. 
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Carboxylate synthesis. — The synthesis of 5 and 6 originated in the reaction 
of 7 with stabilized phosphorane 31, in the manner of Ohrui et a/.*°. Refluxing 2 
mol equiv. of 31 with 7 for 10 h produced a 9:1 mixture of 33 and 34. Cyclization 
occurred spontaneously, since no open-chain alkenes were detected. In different 
experiments, the ratio of 33 to 34 varied from 9:1 to 5:1. This suggested that the 
thermodynamic ratio is different from 9:1. Indeed, equilibration”® of a 5:1 mixture 
of 33 and 34 produced a final ratio of 1:1. Thus, there is no thermodynamic 
preference for either isomer of this pair of diastereomers. Treatment of 7 with 
phosphorane?’ 32 produced a mixture of nitriles 35 and 36 in a ratio of 2:1. This 
reaction also favors the a-D anomer (35), as in the reaction of 7 with 31. Treatment 
of the mixture of 35 and 36 with base caused the facile elimination of benzyl al- 
cohol, similar to some recently reported observations”*. A 9:1 mixture of 33 and 34 
was hydrogenolyzed to give a mixture of, preponderantly, methyl ester 37, along 
with lactone 39. The formation of lactone 39 from 34 supports the stereochemical 
assignment of 34, which was based on '°C-n.m.r. data*. Compounds 37 and 39 
were easily separated by chromatography on silica gel, and each was selectively 
phosphorylated to give compounds 38 and 40, respectively. A two-stage deprotec- 
tion of 38 and 40 by use of platinum and hydrogen for the phenyl esters, and then 
basic hydrolysis of the carboxylic esters gave 5 and 6, respectively, characterized as 
their trisodium salts. 

Force-field calculations and n.m.r. experiments. — Since oxolane-ring systems 
are conformationally fluxional, it is not obvious a priori which (if any) tri-O-benzyl- 
arabinofuranosyl anomer is more thermodynamically stable, a point which might 
have relevance to the mechanistic analysis of the reactions discussed above. We 
conducted EFF calculations in order to address this question. Such calculations 
give information not only on the preferred conformation for a molecule, but also 
on alternative conformations that may be adopted. The degree to which various 
low-energy conformations contribute can be readily ascertained by inspection of 
the calculated energies (for a related study, see Burkert et al.°*°). 

Force-field calculations for the bromomethyl compounds 9 and 10, and esters 
33 and 34, were conducted with the MMP2 program developed by Burkert and 
Allinger*!. Two low-energy conformations were found for both of the a anomers 9 
and 33, but only one reasonable conformation was obtained for the B anomers 10 
and 34. These conformations are displayed in Fig. 1, and the calculated energies, 
dihedral angles for the ring protons, and calculated vicinal, proton—proton coupling 
constants based on the dihedral angles, in Table I. 

The energy minima were found after considerable analysis of possible ring 
conformations and conformational orientations accessible to the substituents (some 
details are mentioned in the Experimental section). The low-energy conformations 
generally have the majority of the ring substituents in a pseudo-equatorial orienta- 
tion. 
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TABLE I 
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Fig. 1. Low-energy conformations for 9, 10, 33, and 34 determined by MMP? (L configurations shown). 


ENERGIES, AND CALCULATED DIHEDRAL ANGLES AND VICINAL COUPLING CONSTANTS FOR EACH CONFORMA- 
TION OF 9, 10, 33, AND 344 


Structure 


MM P2 energy 


(kJ/mol) 


224.1 
221.3 
219.2 
240.2 
247.3 
238.1 


Coupling constant (Hz)° and dihedral angle (degrees) 


J,;or 


J34 


2.2 (110) 
3.4 (119) 
3.4 (47) 
4.1 (123) 
0.7 (88) 
3.6 (46) 


J;,0r 


| 


4.4 (131) 
6.2 (141) 
0.8 (99) 
6.7 (144) 
0.9 (102) 
0.8 (100) 


J,5or 


he 


9.1 (153) 
10.0 (160) 
4.0 (123) 
10.0 (161) 
5.0 (129) 
4.1 (123) 


“See Fig. 1. "Upper row, 9 and 10; lower row, 33 and 34. ‘Dihedral angle is given in parentheses. 
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The energy difference between the lowest-energy a and B conformations was 
only ~2.0 kJ/mol, with the B anomers being slightly preferred. This corresponds to 
only a 2:1 ratio of diastereomers at equilibrium, which is consistent with the lack 
of thermodynamic preference determined in the equilibration experiment on 33 
and 34. 

In-depth n.m.r. experiments were conducted on mixtures of 9 and 10, and 33 
and 34. '°C-N.m.r. was used to determine the relative orientation of the B and a 
anomers”’?!, Additionally, the carbon resonances for 9 and 10 were assigned by a 
13C-'H heteronuclear, shift-correlated, two-dimensional n.m.r. experiment*?. The 
'H-chemical-shift assignments were based on a series of 'C('H)-selective 
decoupling experiments and by two-dimensional, 'H—'H homonuclear decoupled 
spectroscopy, along with standard shift-correlated (COSY) spectroscopy. Some of 








i 

















_ . 3S T 
4.5 4.2 3.39 


5 
Fig. 2. A standard, one-dimensional spectrum (top) and a 2-D, J-correlated (COSY), 'H-n.m.r. contour 
plot (bottom) of the aliphatic protons of 9 and 10 (9:11 mixture) obtained at 360 MHz. Assignments: a, 
H-2 and H-5 of 9 and H-2 of 10; b, H-5 of 10; c, H-3 of 9; d, H-4 of 9; e, H-3 of 10; f, H-4 of 10. 





TABLE II 
'H-N.M.R. DATA FOR SELECTED PROTONS OF 9, 10 AND 33, 34 
Compound Chemical shifts (5) and multiplicities* 


H-la : H-2 H-3 H-4 H-5 H-6a_ =! 
H-2a - H-3 H-4 H-5 H-6 H-7a_ ] 
(dd) (ddd) (dd) (dd) (ddd) (dd) 


3.54 3.48! 4.36 4.16 4.09 4.36 3.624 
3.61 3.5 4.37 4.04 3.98 4.23 3.63 
3.50 3.5 4.22 4.02 3.90 4.48 2.65 
3.47 3.3 4.06 3.92 3.97 4.44 2.74 


KR) BR) fa) fa) 





44d, Doublet of doublets; ddd, doublet of doublet of doublets; m, multiplet. °+ 
because of overlapping resonances. 
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the coupling constants were undetermined because of overlap; nevertheless, most 
of the n.m.r. parameters could be determined. A 2-D, n.m.r. COSY experiment of 
a 9:11 mixture of 9 and 10 is plotted in Fig. 2. 'H-N.m.r. data for these compounds 
are listed in Table II. 

Several salient points can be discerned by inspection of the data in Table II. 
Comparison of the J, ; value of 9 and 10, and the J; , value for 33 and 34, indicated 
only a very small difference (at most 1 Hz for 9 and 10, and 0-0.3 Hz for 33 and 
34). Analysis of these chemical shifts or coupling constants could not have been 
used to assign relative stereochemistry. Because of small differences in n.m.r. 
chemical shifts and coupling constants, an attempt to assign the form of the oxolane 
ring based on these parameters may be fraught with error. Comparison of the 
coupling constants with those calculated from the MMP2 conformations, however, 
revealed a fairly close correlation (although the calculations represent gas-phase 
conditions and the n.m.r. experiments were conducted for deuteriochloroform 
solutions). 

In conclusion, C-D-arabinofuranosyl compounds, selectively enriched in 
either the B or a anomer, were synthesized. The 6 configuration was obtained by 
electrophile-mediated cyclization of 8, allowing for the preparation of the pure 
phosphonate anomer 4. Wittig—Michael reactions of 7 with stabilized phosphoranes 
gave preponderantly the a anomer. The carbomethoxy derivatives 33 and 34 pre- 
pared in this manner, were transformed into carboxylates 5 and 6, respectively. 
The biological activity of 4~6 was evaluated in vitro. For activation of phospho- 
fructo-1-kinase, the concentrations for half-maximal activity were 3lumM, >1mM, 
and >1mM, respectively. For inhibition of fructose-1,6-bisphosphatase, the IC.) 
values were 1734M, >1mM, and >1mM, respectively. In comparison, 2 activated 
phosphofructo-1-kinase with a concentration for half-maximal activity of 1uwM, and 
inhibited fructose-1,6-bisphosphatase with an IC; of 3.44mM. Thus, carboxylate 
isosteres § and 6 are inactive, whereas phosphonate 4 retains a significant portion 
of the activity of 2. We are continuing to investigate electrophile-promoted cycliza- 
tions of 8, and related compounds, to further define the diastereoselectivity. 


EXPERIMENTAL 


General methods. — Melting points were determined with a Thomas Hoover 
apparatus and are corrected. T.l.c. analysis was conducted on Whatman MK6F 
200- silica gel plates. 'H-N.m.r. spectra were recorded with either a Varian EM- 
360 (60 MHz), Varian EM-390 (90 MHz), or Bruker AM-360WB (360 MHz) 
spectrometer, as indicated. '°C-N.m.r. spectra were recorded with a JEOL FX-60Q 
spectrometer operating at 15.0 MHz, or a Bruker AM-360WB spectrometer at 90.6 
MHz where so noted. Where anomer ratios are reported for 'H- and °C-n.m.r. 
experiments, integrations were obtained under quantitative conditions. Tetra- 
methylsilane was used as an internal standard, except when D,O was the solvent, 
in which case the spectra were referenced to external 1,4-dioxane. Elemental 
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analyses were performed primarily by Galbraith Laboratories (Knoxville, TN). 
Chemical-ionization mass spectra (c.i.m.s.) were recorded with a Finnigan 3300— 
6100 system with methane as the reagent gas, except where indicated otherwise. 
The starting material, 3,5-di-O-benzyl-D-arabinose*’ (7), was purchased from 
Pfanstiehl Laboratories (Waukegan, IL). 
3,4,6-Tri-O-benzyl-1,2-dideoxy-D-arabino-hex-]-enitol (8). — To methyl- 
triphenylphosphonium bromide (200 g, 0.56 mol) under Ar was added M lithium 
hexamethyldisilazanide (600 mL) in oxolane via a cannula. After being stirred for 
30 min, the solution had a deep-red color and only a small amount of residual solid 
remained. Compound 7 (100 g, 0.24 mol), suspended in oxolane (30 mL), was 
added causing a precipitate to form (Ph,PCH}-Br~). After 15 min, water was 
slowly added and the product was extracted into ether, washed with water (4 x), 
dried (MgSO,), filtered, and evaporated in vacuo. Purification by preparative l.c. 
(Waters Prep 500; silica gel; 3:22 ethylacetate—hexane) gave a yellow oil (67.8 g) 
that was homogeneous by t.l.c. (68%), [a]f?_ +4.2° (c 1.5, methanol); 'H-n.m.r. 
(90 MHz, CDCl,): 6 2.8 (d, J 5 Hz, OH), 3.6 (m, 2 H), 3.84.1 (m, 3 H), 4.44.7 
(m, 6 H, CH,Ph), 5.1-5.4 (m, 2 H), 5.6-6.1 (m, 1 H), and 7.2 (s, 15 H); the peak 
at 6 2.8 disappeared upon treatment with D,O; °C('H)-n.m.r. (CDCI,): 6 70.2, 
70.5, 70.8, 73.2, 73.9, 80.0, 80.4, 118.7, 127-129 (15 C), 135.0, and 138.0 (3 C). 
Anal. Calc. for C,,H3,0,: C, 77.48; H, 7.22. Found: C, 77.67; H, 7.40. 
2,5-Anhydro-3,4,6-tri-O-benzyl-1-bromo-1-deoxy-D-mannitol (9) and_ 2,5- 
anhydro-3,4,6-tri-O-benzyl-1-bromo-1-deoxy-D-glucitol (10). — To a solution of 8 
(1 g, 2.4 mmol) in dichloromethane (3 mL) at 0° was added N-bromosuccinimide 
(446 mg, 2.5 mmol). After 15 min, t.l.c. showed complete conversion to a faster- 
moving spot. Succinimide was filtered off and the solvent was removed to give a 
near quantitative yield of a mixture of 9 and 10, contaminated by a little 
succinimide. Analytically pure material was obtained by chromatography of a small 
portion on silica gel (7:3 ethyl acetate-hexane). The ratio of epimers was 
determined by integration of the signals for the protons at C-3 and C-4 of 9 and 10, 
and determined to be 11:89, respectively (see Table I for 'H-n.m.r. data). C('H)- 
N.m.r. (CDCI; 90.6 MHz): 6 28.24 (C-1, 10), 32.33 (C-1, 9), 70.12 (C-6, 9 or 10), 
70.16 (C-6, 9 or 10), 81.28 (C-2, 10), 82.69 (C-2, 9), 82.21 (C-3, 10), 82.83 (C-5, 9), 
83.14 (C-4, 10), 83.45 (C-5, 10), 84.68 (C-4, 9), 85.33 (C-3, 9), 127.8 (9 C), 128.4 
(6 C), 137.6 (2 C), and 138.0. 
Anal. Calc. for C,,H,).BrO,: C, 65.19; H, 5.88; Br, 16.06. Found: C, 65.10; 
H, 5.90; Br, 16.13. 
2,5-Anhydro-3,4-di-O-benzyl-1-deoxy-1-diphenoxyphosphinoyl-D-mannitol 
and 2,5-anhydro-3,4-di-O-benzyl-1-deoxy-1-diphenoxyphosphinoyl-D-glucitol (14). 
— A solution of 9 and 10 (11:89 ratio; 1.0 g, 2.0 mmol) and ethyl diphenyl phos- 
phite'’ (2.1 g, 8 mmol) was heated for 2 d at 160°. The product was purified by 
chromatography (dry silica gel column; 3:7 ethyl acetate—hexane) to give 13 (750 
mg; of undetermined configuration; 57%); 'H-n.m.r. (CDCI1,; 60 MHz): 6 2.55 
(centered multiplet, apparent d of d, 2 H), 3.5-4.5 (m, 10 H), and 7.1 (m, 25 H); 
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c.i.m.s.: m/z 651 (MH*). To a solution of 13 (8.3 g, 12.8 mmol) in dichloromethane 
(20 mL) was added iodotrimethylsilane (1.73 mL, 12.1 mmol) at 0° under N,. The 
solution was allowed to warm to ambient temperature, and then stirred for 18 h. 
Water was added, the product was extracted into ether, and the solution washed 
with water twice, dried (MgSO,), filtered, and evaporated. The residue was purified 
by chromatography (Waters Prep-500 I|.c.; 2:3 ethyl acetate—hexane) to give un- 
reacted 13 (1.1 g), along with 14 (2.5 g), clear oil. The unreacted 13 that was 
recovered was a 17:3 mixture of the 2,5-anhydro-D-mannitol to the 2,5-anhydro-p- 
glucitol epimers. Thus, it appeared that iodotrimethylsilane had selectively de- 
protected the 2,5-anhydro-p-glucitol derivative; 'H-n.m.r. (CDCI,; 60 MHz): 6 
2.52 (centered multiplet, apparent d of d, J 7, 19 Hz), 3.5-4.3 (m, 6 H), 4.5 (m, 4 
H), and 7.1-—7.3 (m, 10 H); c.i.m.s.: m/z 561 (MH*). 

2,5-Anhydro-3, 4-di-O-benzyl-1-bromo-1-deoxy-D-mannitol diphenyl 6-phos- 
phate and 2,5-anhydro-3,4-di-O-benzyl-1-bromo-l-deoxy-D-glucitol diphenyl 6- 
phosphate (18). — A 1% solution of H,SO, in acetic anhydride (16 mL) was added 
dropwise to a solution of an 11:89 mixture of 9 and 10 in acetic anhydride (70 mL). 
The mixture was stirred for 1 h, cold water was added, and the product was 
extracted into dichloromethane (2 x 100 mL). The combined organic extracts were 
washed with 5% NaHCO,, NaCl solution, dried (MgSO,), and evaporated. The 
residue was purified by chromatography (Waters Prep 500 I|.c.; 1:6 ethyl acetate— 
hexane) to give 16 (13.6 g, 86%), of undetermined configuration; 'H-n.m.r. (90 
MHz, CDCl,): 6 1.9 (s, 3 H), 3.5 (m, 2 H), 3.64.5 (m, 10 H), and 7.2 (m, 10 H). 
To a mixture of 16 (13.6 g) in methanol (150 mL) was added 18% ag. NaOH (26 
mL) at 35°. After being stirred for 5 min, the solution was concentrated and the 
product was extracted into dichloromethane, washed with water (2 xX 30 mL), NaCl 
solution, dried (MgSO,), and evaporated to give 17 (10.9 g, 92%) as a colorless 
syrup; 'H-n.m.r. (90 MHz, CDCl,): 62.1 (t, 1 H), 3.4-3.9 (m, 4 H), 3.95-4.35 (m, 
5 H), 4.44.6 (m, 4 H), and 7.1—7.3 (m, 10 H). To a cooled solution of 17 (10.7 g, 
26 mmol) in pyridine (S50 mL) was added dropwise a solution of diphenyl phos- 
phorochloridate (7.7 g, 29 mmol) in dichloromethane (5 mL) at 5°. The mixture 
was stirred for 45 min at ambient temperature, treated with water, and extracted 
into dichloromethane. The combined organic extracts were washed with M HCl and 
an NaCl solution, then dried (MgSO,), and evaporated. The residue was purified 
by chromatography (Waters Prep 500 l|.c.; 1:3 ethyl acetate—hexane) to give 18 
(11.3 g, 67%), colorless syrup; 'H-n.m.r. (90 MHz, CDCI,): 6 3.9-4.1 (m, 2 H), 
4.2-4.6 (m, 7 H), and 7.1—7.6 (m, 2 H). 

Anal. Calc. for C,,H;,BrOP: C, 60.10; H, 5.10. Found: C, 60.29; H, 5.10. 

2,5-Anhydro-3,4-Q-benzyl-1-deoxy-1-diphenoxyphosphinoyl-D-glucitol — di- 
phenyl 6-phosphate (15). — From 14. A solution of 14 (3.3 g, 5.9 mmol) in pyridine 
(30 mL) was treated with diphenyl phosphorochloridate (1.22 mL, 6.2 mmol) at 0°. 
The solution was allowed to warm to ambient temperature and stirred overnight. 
The product was extracted into ether, washed with water thrice, dried (MgSO,), 
filtered, and concentrated. Azeotropic evaporation of the remaining pyridine (with 
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toluene), treatment with activated charcoal (in ether), and crystallization from 
ether—hexane gave 15 (3.8 g, 81%), m.p. 72-73.5°; [a]%° +16.7° (c 1.5, methanol); 
'H-n.m.r. (360 MHz, CDCI,): 6 2.55 (centered multiplet, apparent d of d of d, 2 
H, J 2, 6, 16 Hz), 3.96 (d, 1 H, J ~1 Hz), 4.02 (d, 1 H, J 3.4 Hz), 4.35-4.5 (m, 4 
H), 4.6 (m, 6 H), and 7.1—7.35 (m, 30 H); °C('H)-n.m.r. (90.6 MHz, CDCl,): 6 
26.15 (d, Jc p 142.0 Hz), 68.15 (d, Jc p 6.2 Hz), 71.74, 72.02, 76.4, 82.00 (d, Je p 8.5 
Hz), 82.55 (d, Jc p 5.8 Hz), 82.98, 120.05 (d, 8 C, Jc p 2.7 Hz), 120.62 (d, 8 C, Jep 
2.4 Hz), 125-130 (14C, arom.), 137.39 (d, 2 C, Jc p 3.5 Hz), and 150.2—150.5 (4 C). 

Anal. Calc. for C4,H4,O;9P>: C, 66.66; H, 5.34; P, 7.81. Found: C, 66.38; H, 
5.44; P, 7.89. 

From 18. A suspension of 18 (10.8 g, 17 mmol) and ethyl diphenyl phosphite 
(20 g, 76 mmol) was stirred for 16 h at 178°. The product was purified by chromato- 
graphy (Waters Prep-500 |.c.; 1:2 ethyl acetate—hexane) to give a waxy solid (5.2 
g, 39%), which was recrystallized from ether—hexane, m.p. 72-73°. 

2,5-Anhydro-3,4-di-O-benzyl-1-deoxy-1-dimethoxyphosphinoyl-D-glucitol di- 
methyl 6-phosphate (19). — A solution of 15 (1.98 g, 2.5 mmol) in methanol (70 
mL) was treated with CsF (1.5 g, 10 mmol) at reflux for 15 h, and then evaporated. 
The residue was purified on silica gel (97:3 ethyl acetate—methanol) to give a yellow 
oil (19) that was homogeneous by t.|.c. (887 mg, 65%). Refluxing 15 in methanol 
for 15 h in the absence of fluoride resulted in no reaction. Substitution of tetra- 
butylammonium fluoride (commercial M solution in oxolane) for CsF gave a com- 
parable yield of 19 (63%); 'H-n.m.r. (90 MHz, CDCI,): 62.18 (dd, 2 H, Jy, p 7, 19 
Hz), 3.5 (d, 12 H, Jy, p 11 Hz), 3.7-4.1 (m, 6 H), 4.34.4 (m, 4 H), and 7.2 (s, 10 
H); °C('H)-n.m.r. (CDCI,): 6 24.8 (d, Jc p 141.6 Hz), 52.6 (d, Jc p 4.9 Hz, 2 C), 
54.3 (d, Jc p 5.9 Hz, 2 C), 67.1 (d, Jc p 5.9 Hz), 70-73 (2 C), 76.4, 81.9, 82.4, 82.8, 
127-130 (10 C), and 137.4 (2 C); c.i.m.s.: m/z 545 (MH*). 

Anal. Calc. for C,,H3,0, 9P,-0.25 H,O: C, 52.51; H, 6.33; P, 11.28; H,O, 
0.82. Found: C, 52.71; H, 6.41; P, 11.23; H,O, 1.16. 

Dilithium 2,5-anhydro-1-deoxy-1-phosphono-D-glucitol 6-phosphate hydrate 
(4). — A stirred solution of 15 (1.0 g) in oxolane (5 mL) was treated with 10% 
tetrabutylammonium hydroxide in oxolane (10 mL). After 24 h, the solution was 
acidified to a pH of ~2 with M HCl, and the product was extracted into chloroform 
(6 vol.). The solution was dried (MgSO,), filtered, and evaporated to give a clear 
oil (900 mg); 'H-n.m.r. (90 MHz) indicated the absence of any tetrabutyl- 
ammonium groups; c.i.m.s.: m/z 641 (MH*). This material was dissolved in 3:7 
2,2-dimethylpropanol—water (30 mL) and shaken with 10% Pd-—C (2.05 g) under H, 
(0.34 MPa). After 24 h, additional water (10 mL) was added along with PtO, (2.5 
g). The solution was shaken under H, (0.34 MPa) for another day, and then 
filtered; the catalyst was washed with water (40 mL). The filtrate was partially con- 
centrated (to ~20 mL) and then lyophilized. The resultant white solid was redis- 
solved in water (2 mL) and treated with M NaOH until pH 5.0 was reached. Treat- 
ment with methanol caused a flocculent precipitate to form (168 mg, 34%), m.p. 
>250° (dec); [a]h° +24.5° (c 2.1, water); 'H-n.m.r. (360 MHz, D,O): 6 1.73 (cen- 
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tered multiplet, apparent t, / ~7 Hz, PCH,), 1.78 (centered multiplet, apparent t, 
J ~7 Hz, PCH,), 3.6-3.78 (m, 3 H), 3.82 (d, J 2.4 Hz), 3.87 (d, J 2.5 Hz), and 
3.9-4.06 (m, 1 H); °C('H)-n.m.r. (D,O): 6 27.9 (d, Jc p 130.9 Hz), 64.8 (d, Jc p 4.9 
Hz), 77.9 (d, Jc p 5.8 Hz), 78.1, 78.5, and 83.6 (d, Jc p 7.8 Hz). 

Anal. Calc. for C,H,,Na,O,)P,-0.1 CH,OH-1.2 H,O: C, 19.44; H, 3.96; 
H,O, 5.74. Found: C, 19.43; H, 4.35; H,O, 5.43. 

The analyses for P and Na deviated from the calculated values. Considering 
the amorphous, hygroscopic nature of the compound, the structural assignment 
was based largely on the n.m.r. spectra, which had no unassigned resonances. 

2,5-Anhydro-3,4,6-tri-O-benzyl-1-deoxy-1-diethoxyphosphinoyl-D-glucitol 
(22) and 2,5-anhydro-3, 4,6-tri-O-benzyl-1-deoxy-1-diethoxyphosphinoyl-D-mannitol 
(23). — To a solution of 7 (420 mg, 1 mmol) and 21 (516 mg, 2 mmol) in oxolane 
(1 mL) was added M lithium bis(trimethylsilyl)amide in oxolane (1.1 mL). After 
stirring for 5 h at ambient temperature, little reaction was observed by t.l.c., so the 
solution was heated for 4 h at 40—50°. Additional molar equiv. of base and 21 were 
added (1.0 mL of M lithium bis(trimethylsilyl)amide in oxolane and 260 mg of 21), 
and the solution was stirred for 4 d at ambient temperature. The solution was 
treated with water, and the product was extracted into dichloromethane, washed 
with water (2 x), dried (MgSO,), filtered, and concentrated. The residue was 
purified on silica gel (3:2 ethyl acetate—chloroform) to give 22 and 23 (290 mg, 
50%); 'H-n.m.r. (90 MHz, CDCI,): 6 1.2 (m, 6 H), 2.2 (apparent d of d, J 7.18 
Hz), 3.5 (m, 2 H), 3.7-4.3 (m, 10 H), 4.3-4.5 (m, 6 H), and 7.2 (s, 15 H); °C('H)- 
n.m.r. (CDCI,): 6 16.4 (d, 2 C, Jc p 5.9 Hz), 25.9 (d, 0.37 C, Je p 141.6 Hz), 30.2 
(d, 0.63 C, Jc p 137.7 Hz), 61-62 (m, 2 C), 70-74.5 (m, 4 C), 75-88 (4 C), 127-130 
(m, 15 C), 137.9, 138.1, and 138.3; c.i.m.s. (NH): m/z 555 (MH*, 90% of base 
peak), and 556 (MH* + 1, 30% of base peak). 

2,3,5-Tri-O-benzyl-4-Q-(tert- butyldimethylsilyl)-D-arabinose ethylene dithio- 
acetal (29). — A mixture of 7 (60 g, 0.14 mol), 1,3-propanedithiol (55.6 g, 0.52 
mol), and methanesulfonic acid (15 mL) in benzene (500 mL) was stirred for 2 h. 
The solution was then washed with 3M NaOH and NaCl solution, dried (Na,SQO,), 
filtered, and evaporated to give a pale-yellow syrup, 28, pure by t.l.c. (72.3 g, 
99%); c.i.m.s.: m/z 511 (M + 1). A mixture of crude 28 (8.05 g, 0.016 mol), fert- 
butylchlorodimethylsilane (6.75 g, 0.045 mol), and imidazole (8.19 g, 0.12 mol) in 
N, N-dimethylformamide (30 mL) was stirred under N, for 4 h at 60°. The mixture 
was poured into water and extracted into dichloromethane (2 x 50 mL). The com- 
bined organic layers were washed once with NaCl solution, dried (Na,SQ,), 
filtered, and concentrated to give 29 as a colorless syrup (8.9 g, 89%), pure by 
t.l.c.; 'H-n.m.r. (90 MHz, CDCI,): 6 0.2 (s, 6 H), 0.9 (s, 9 H), 1.8-2.2 (m, 3 H), 
2.9 (m, 4 H), 4.54.8 (m, 6 H), and 7.3 (m, 15 H); c.i.m.s.: m/z 625 (M + 1). 

2,3,5-Tri-O-benzyl-4-O-(tert-butyldimethylsilyl)-aldehydo-D-arabinose (30). 
— A solution of dithiane 29 (1.6 g, 2.6 mmol) in acetonitrile (17 mL) was added 
dropwise to a solution of N-bromosuccinimide (3.6 g, 20 mmol) in 80% aqueous 
acetonitrile (35 mL) at —10°. After being stirred for 5 min, the mixture was poured 





274 B. E. MARYANOFF, S. O. NORTEY, R. R. INNERS, S. A. CAMPBELL, A. B. REITZ, D. LIOTTA 


into saturated aqueous Na,S,O, and extracted twice with ether (2 x 25 mL). The 
combined extracts were washed with water, dried (Na,SO,), filtered, and con- 
centrated to give 30 as a pale-yellow syrup (near quantitative yield), pure by t.l.c.; 
'H-n.m.r. (90 MHz, CDCI,): 60.0 (m, 6 H), 0.8 (m, 9 H), 3.2-4.1 (m, 5 H), 4.3-4.6 
(m, 6H), and 7.1 (m, 15 H). 

A mixture of the aldehydo sugar 30 (0.37 g, 0.69 mmol) and phosphorane 20 
(1.2 g, 2.4 mmol) in benzene (5 mL) was refluxed under N, for 18 h. The solution 
was evaporated to a syrup which was purified by chromatography on preparative 
t.l.c. (1:1 ethyl acetate—hexane) to give 26 (0.33 g, 31%) pale-yellow syrup, pure 
by t.l.c.; ‘H-n.m.r. (90 MHz, CDCI,): 6 0.0 (s, 6 H), 0.8 (s, 9 H), 3.3-4.25 (m, 5 
H), 4.3-4.6 (m, 6 H), 6.1-6.8 (m, 2 H), and 7-7.4 (m, 15 H); 'H-n.m.r. (360 MHz, 
CDCI,) revealed a similar pattern in the vinylic region [5 peak centered at 6.25 
(H-1), ~7.1 (H-2)] to that observed for 27, supporting the E stereochemical assign- 
ment; the signal for H-2 was obscured under the aromatic proton signals; c.i.m.s.: 
m/z765 (M + 1). 

A M solution of lithium bis(trimethylsilyl)amide in oxolane (2.7 mL) was 
added to a solution of tetraethyl methylenediphosphonate (21; 0.7 g, 2.4 mmol) in 
oxolane (5 mL) under N,. A solution of the aldehydo sugar 30 (0.48 g, 0.88 mmol) 
in oxolane (5 mL) was added, and it was stirred for 18 h at ambient temperature, 
poured into water, and extracted with ethyl acetate (2 x 20 mL). The combined 
organic extracts were washed once with an NaCl solution, dried (Na,SQO,), filtered, 
and concentrated to give a pale-yellow syrup, which was purified by chromato- 
graphy on preparative t.l.c. plates (1:1 ethyl acetate—hexane) to give pure 27, (0.18 
g, 31%), oil, pure by t.l.c.; 'H-n.m.r. (90 MHz, CDCl,): 6 0.1 (s, 6 H), 0.9 (s, 9 
H), 1.3 (t, 6 H), 3.4-3.8 (m, 3 H), 4.0 (t, 4 H), 4.1-4.3 (m, 2 H), 4.3-4.6 (m, 6 H), 
5.6-6.1 (m, 1 H), 6.3-6.8 (m, 1 H), and 7.3 (m, 15 H); 'H-n.m.r. (360 MHz, CDCL,; 
vinylic region): 6 6.01 (ddd, Jy, p 21.1, J, , 17.3, J, , 1.4 Hz, H-1), and 6.82 (ddd, 
Jy p 22.5, J, > 17.3, J, 35.5 Hz, H-2); this supports the E configurational assignment 
for 27. 

A mixture of 27 (65 mg, 97 mmol) in oxolane (2 mL) was treated with M 
tetrabutylammonium fluoride in oxolane (15 mL), and stirred under N, for 2 h. The 
solution was then poured into 3M NaOH and extracted into ethyl acetate (2 x 5 
mL). The combined organic extracts were washed with NaCl solution, dried 
(Na,SQO,), filtered, and concentrated to a syrup which was purified by chromato- 
graphy on a preparative t.l.c. plate (4:1 ethyl acetate—hexane) to give 22 and 23 
(13.3 mg, 25%), whose 'H-n.m.r. spectrum was identical with that described above. 

Mixture of methyl 3,6-anhydro-4,5,7-tri-O-benzyl-2-deoxy-D-glycero-D- 
galacto-heptonate (33) and methyl 3,6-anhydro-4,5,7-tri-O-benzyl-2-deoxy-D- 
glycero-D-gulo-heptonate (34). — A mixture of 7 (20 g, 48 mmol) and 31 (26 g, 77 
mmol) was refluxed in acetonitrile (200 mL) for 24 h. The solution was evaporated 
and the residue purified by chromatography (dry silica gel column; 1:6 ethyl 
acetate—hexane) to give a mixture of 33 and 34 (20 g, 88%), colorless syrup; [a],° 
+21.4° (c 0.52, methanol); 'H-n.m.r. (90 MHz, CDCI,): 6 2.6 (d, 2 H), 3.5 (m, 2 
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H), 3.7 (s, 3 H), 3.75—-4.4 (m, 4 H), 4.5 (m, 6 H), and 7.2 (m, 15 H); °C('H)-n.m.r. 
(CDCI,): 5 34.1 (CH,CO,, 34, ~0.11 C), 38.1 (CH,CO,, 33, ~0.89 C), 51.6, 82.1, 
82.9, 85.0, 86.6, 127-129 (15 C, arom.), 137.7 (3 C), 138.0, and 171.0. 

Anal. Calc. for C,5H,,0,: C, 73.09; H, 6.77. Found: C, 72.87; H, 6.71. 

Equilibration of 33 and 34. — A solution of a 5:1 mixture of 33 and 34 (125 
mg) in methanol (0.5 mL) was treated with 25% sodium methoxide in methanol”?! 
(28 wL). After 18 h, water was added, the product was extracted into ether, and 
the extract washed with water, dried (MgSO,), filtered, and evaporated; °C-n.m.r. 
showed a 1:1 ratio of 33 and 34 by inspection of their respective C-2 resonances at 
6 38.0 and 34.1, respectively. Similar treatment of 33 and 34 for 6 d also resulted in 
a 1:1 ratio. 

Mixture of  3,6-anhydro-4,5,7-tri-O-benzyl-2-deoxy-D-glycero-D-galacto- 
heptononitrile (35) and 3,6-anhydro-4,5,7-tri-O-benzyl-2-deoxy-D-glycero-D-gulo- 
heptononitrile (36). — A suspension of 7 (6.0 g, 14.3 mmol) and 32 (ref. 27; 5.0 g, 
16.7 mmol) in acetonitrile (80 mL) was heated under reflux for 2 d. The yellow 
solution was cooled and filtered, and the filtrate concentrated. The residue was 
chromatographed (flash chromatography on silica gel; 3:7 ethyl acetate—hexane) to 
give a 67:33 mixture of 35 and 36 (5.51 g, 87%); 'H-n.m.r. (90 MHz, CDCI,): 62.6 
(centered multiplet, apparent t, 2 H), 3.52 (d, 2 H, J 5 Hz), 3.9-4.45 (m, 4 H), 4.5 
(s, 6 H), and 7.3 (s, 15 H); °C(‘H)-n.m.r. (CDC1,): 6 18.3 (C-2, 36, 0.32 C), 22.0 
(C-2, 35, 0.68 C), 68-74 (4 C), 78-86 (4 C), 116.9, 127-129 (15 C), 137.5, 137.6, 
and 138.1. 

Anal. Calc. for C,,H,.NO,: C, 75.83; H, 6.59; N, 3.16. Found: C, 75.57; H, 
6.63; N, 3.08. 

Methyl 3,6-anhydro-2-deoxy-D-glycero-D-galacto-heptonate (37) and 3,6- 
anhydro-2-deoxy-D-glycero-D-gulo-heptono-1,4-lactone (39). — A 9:1 mixture of 
33 and 34 (24 g, 50 mmol) in ethanol (600 mL) was shaken with 10% Pd-C (7.9 g) 
under 0.34 MPa of H, for 18 h. The solution was filtered and the filtrate con- 
centrated. The residue was chromatographed (Waters Prep 500 lI.c.; 6:1 ethyl 
acetate—hexane) to give 37 (5.3 g, 51%) and 39 (1.3 g, 15%), colorless syrups, R; 
(6:1 ethyl acetate—hexane) 0.21 (37) and 0.25 (39); 'H-n.m.r. (90 MHz, D,O) for 
37: 6 2.6-2.8 (m, 2 H), 3.5—3.7 (m, 2 H), 3.7 (s, 3 H), and 3.84.4 (m, 4 H); for 39: 
§ 2.9-3.1 (m, 2 H), 3.5-3.85 (m, 2 H), 3.9-4.5 (m, 2 H), and 5.0—-5.2 (m, 2 H, 
H-3,4); c.i.m.s. (37): m/z 175 (MH*). 

Trisodium 3,6-anhydro-2-deoxy-D-glycero-D-galacto-heptonate 7-phosphate 
tetrahydrate (5). — A solution of diphenyl phosphorochloridate (5.9 g, 22 mmol) in 
toluene (10 mL) was added dropwise to a solution of 37 (4.6 g, 22 mmol) in pyridine 
(30 mL) at —30°. The mixture was stirred for 4.5 h at 0°, treated with cold water, 
and extracted into dichloromethane (2 x 50 mL). The combined organic extracts 
were washed with water and NaCl solution, then dried (Na,SO,), filtered, and con- 
centrated. The residue was purified on a dry silica gel column (4:1 ethyl acetate— 
hexane) to give 38 (4.98 g, 52%), colorless syrup; 'H-n.m.r. (90 MHz, CDCl,): 6 
2.5 (d, 2 H), 3.6 (s, 3 H), 3.9-4.4 (m, 8 H), and 7.2 (m, 10 H); °C(‘H)-n.m.r. 
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(CDCI): 6 38.1 (CH,CO,), 51.8, 68.3 (Jc p 5.9 Hz), 77.8, 80.6, 80.9, 81.8, 120.2 (4 
C), 125.5 (2 C), 129.8 (4 C), and 150.2 (d, 2 C, Jc p 6.8 Hz); c.i.m.s.: m/z 439 
(MH*). 

A solution of 38 (4.85 g, 11 mmol) in methanol (100 mL) was shaken with 
PtO, (2.0 g) under H, (0.34 MPa) for 1.5 h. The suspension was filtered, and the 
filtrate concentrated and treated with aq. NaOH (1.27 g in 20 mL of water). After 
4h, the solution was lyophilized to furnish 5 (3.5 g, 76%), white foam, [a]§° +17° 
(c 1.5, water); 'H-n.m.r. (90 MHz, D,O): 6 2.6 (d, 2 H), and 3.8-4.6 (m, 6 H); 
3C('H)-n.m.r. (D,O): 6 41.1 (CH,CO,), 63.7 (d, Jc p 3.9 Hz), 76.8, 79.9, 80.1, 
81.5 (d, Jc p 7.9 Hz), and 179.2. 

Anal. Calc. for C;H,yNa,0O,P -3.8 H,O: C, 20.68; H, 4.36; Na, 16.96; P, 7.61; 
H,O, 16.83. Found: C, 20.99; H, 4.42; Na, 16.59; P, 7.90; H,O, 15.80. 

Trisodium  3,6-anhydro-2-deoxy-D-glycero-D-gulo-heptonate 7-phosphate 
tetrahydrate (6). — A solution of diphenyl phosphorochloridate (1.69 g, 6.3 mmol) 
in toluene (2 mL) was added dropwise to a solution of 39 (1.0 g, 5.7 mmol) in 
pyridine (10 mL) at —30°, followed by addition of 4-(dimethylamino)pyridine (50 
mg). The mixture was stirred for 5 h at 0°, treated with cold water, and the product 
extracted into dichloromethane. The organic layer was washed with water and an 
NaCl solution, then dried (Na,SQ,), filtered, and concentrated. The beige residue 
was chromatographed (dry column of silica gel; 4:1 ethyl acetate—hexane) to afford 
40 (0.60 g, 28%) colorless syrup; 'H-n.m.r. (90 MHz, CDCl,): 6 2.8 (m, 2 H), 
3.8-4.6 (m, 5 H), 4.8 (m, 2 H, H-3,4), and 7.1-7.5 (m, 10 H). 

A solution of 40 (0.6 g) in methanol (20 mL) was shaken with PtO, (0.32 g) 
under H, (0.34 MPa) for 2.5 h. The solution was filtered and the filtrate con- 
centrated. The residue was treated with ag. NaOH (0.15 g in 5 mL of water) for 1.5 
h. The solution was lyophilized to give 6 (0.41 g, 18%, from 39), crisp foam, [a]4° 
+ 13.6° (c 0.90, water); 'H-n.m.r. (90 MHz, D,O): 6 2.6 (d, 2 H) and 3.84.6 (m, 
6 H); °C('H)-n.m.r. (D,O): 36.6 (CH,CO,), 63.9 (d, J 4.9 Hz), 77.6, 78.8, 78.9, 
84.0 (d, Jc p 8.8 Hz), and 179.2. 

Anal. Calc. for C;H,,)Na,0,P -3.8 H,O: C, 20.68; H, 4.36; Na, 16.96; P, 7.61; 
H,O, 16.33. Found: c, 20.99; H, 4.42; Na, 16.59; P, 7.90; H,O, 15.80. 

2-D N.m.r. experiments**. — The 2-D n.m.r. spectra were recorded with a 
Bruker AM-360WB instrument using standard Bruker software. The COSY-2D, 
'H-n.m.r. experiments were performed in a 5-mm probe, at a concentration of 15 
mg/0.5 mL, using a 90° pulse, 6.9 ys, a 3.03-s recycle time, and 16 acquisitions per 
data set. For 9 and 10, a spectral width of 1700.0 Hz in F, and F, was used with a 
512W xX 256W transform, and for 33 and 34, a spectral width of 1501.5 Hz in F, and 
F, with a 2K X 1K transform. The data were processed with a sine-bell, window 
function, and diagonally symmetrized. 

The °C-'H, COSY-2D n.m.r. experiment was performed on a 150 mg/2.0 
mL solution of 9 and 10 in a 10-mm probe using a 90° pulse, 16 ws for °C, and a 
90° pulse, 43 us for 'H on the decoupler coil of a VPS broadband-probe head. A 
3.06-s recycle time with 64 acquisitions per data set and a spectral width of 8928.6 
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Hz in F, and 1700.6 Hz in F, were utilized. A 1K < 512W transform and a sine-bell 
window function was used in processing. 

EFF calculations. — Energy minimizations were performed with the MMP2 
force field*'. In order to insure against obtaining false minima due to unfavorable 
side-chain rotamers, the full spectrum of rotations (360° in 10° increments) was 
separately examined for each of the following bonds (for 9, 10 and 33, 34, 
respectively): C-5/6, C-6/7; C-6/7, O; C-4/5, O; C-3/4, O; all of the PhCH,, O 
bonds; and the two single bonds to C-1 of 33, 34. After placing each of the key 
bonds in its locally minimized form, the molecule was then subjected to a full 
structure—energy minimization procedure. 
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ABSTRACT 


The reaction of peracetylated 1,5-anhydro-2-deoxyhex-l-eno-3-uloses with 
higher-order cyanoorganocuprate in oxolane at low temperature in the presence of 
acetic anhydride afforded the corresponding glycosylarenes in good yields. A com- 
plete stereocontrol could be achieved, leading to the a-D anomer without epimeri- 
zation at C-4. The configuration of the new products was established by spectro- 
scopic methods and transformation into the crystalline parent oximes, the confor- 
mation of which is discussed in terms of stereoelectronic effects. 


INTRODUCTION 


Our laboratory is interested in the synthesis of glycosylarenes with a possible 
extension to complex aromatic components, including anthraquinone derivatives, 
and to heterocycles as an entry to C-nucleosides, some of which exhibit interesting 
biological activities’. Our efforts are particularly directed toward the study of 
methods affording new access to 2-deoxyglycosylarenes. Such subunits are often 
present in natural compounds and, in some cases, OH-6 may be missing and OH-3 
be replaced by an amino group’. Generally C-glycosyl compounds have been pre- 
pared by nucleophilic attack on a suitably activated anomeric carbon of protected 


sugar derivatives (Scheme 1)”. 

These methods could be applied to 2-deoxyglycosyl derivatives, but we 
thought it would be of interest to explore the conjugate addition of organocopper 
reagents to protected hex-1-enopyran-3-uloses as an alternative route to this class of 
compounds, since the stereochemical outcome could be different. The copper- 
mediated conjugate addition to a,6-enones is well documented®’ and plays an in- 


*C-Glycosyl compounds IV. Communicated in part, as a poster, at ESOC IV, Aix-en-Provence, 
Sept. 1985. For preceding papers, see refs. 1 and 2. 
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Scheme 1 


creasingly important role in C-C bond formation. This reaction was often used to 
prepare branched-chain sugars® but, to the best of our knowledge, only two at- 
tempts were made with protected hex-l-enopyran-3-uloses to prepare C-glycosyl 
compounds”’'’. Unlike these predecessors who used permanent protective groups, 
we took advantage of the relative inertness of organocopper reagents towards ester 
groups and hence acetate was used as a temporary protective group. 


RESULTS AND DISCUSSION 


The recently available’! 4,6-di-O-acetyl-1,5-anhydro-2-deoxy-pD-erythro- (1) 
and -p-threo-hex-1l-eno-3-ulose (2) were treated under various conditions with dif- 
ferent combinations of organocopper reagents in order to examine the influence of 
several factors (solvent, nature and quantity of reagent, temperature, etc.) (see 
Table 1). 

Although Goodwin ef al.'° obtained satisfactory yields of 3-keto-C-glycosyl 
compounds when treating alkyl heterocuprates in the presence of ether protective 


TABLE I 


REACTION OF ORGANOCOPPER REAGENTS WITH ENONES I AND 2 


Exp. Enone Lithium Ac,O"* Ph»CuCNLi, Conditions Yield of 
(mmol) salts (eq.) products (%)° 


(mmol) 
4 5 


1 (0.5) 0.026 af. 500°, 3 hat 0°, 
and 12 h at 20° 28°(93) 
1 (0.5) 0.05 af. 500° and 
2 h at O° 754 
1 (1.5) present® af. -50-0° and 
2 h at 0° 74 (96) 3(4) 
1 (3) 0.30 af. — 50 — 25° 75(98.7) 1(1.3) 
1 (3) 0.30 tog. 50- >" 87(100) 0(0) 
2 (3) 0.30 tog. — 50 — 25° 3(3.5) 83(96.5) 


“Ac>O (2 eq.) was added after (af.) or together with (tog.) the enone. ’Yield of isolated product 
after flash chromatography. The proportions of 4 and 5 were also measured by g.|.c. analysis of the 
crude mixture. Relative proportions in parentheses. “Unreacted 1 (41%) was recovered. “Mixture 
containing 95% of 4 and 5% of 5 (g.|.c. analysis). “The percentage of lithium salts was not given in 
the solution sold by Fluka. 
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AcOCH> 


Ph,Cux, Li, 


1k = H,R’ = OAc 
2R = OAc,.R = H 


groups, no 3-keto-C-glycosylbenzene 3 resulting from a 1,4-addition could be isol- 
ated. Whatever the phenylcopper reagent was, t.l.c. showed the disappearance of 
the starting enone and essentially the presence of polar compounds, likely to be 
formed by reaction of the intermediate enolate with ester groups. The reactive eno- 
late was quenched with acetic anhydride and the enol ester 4 was obtained in good 
yield, but an excess of organocopper was necessary to achieve completion of the 
reaction (Exps. 2 and 3). With a stoichiometric amount of organocopper (Exp. 1), 
41% of starting enone was recovered, indicating that some organocopper reagent 
was consumed by a reaction with the trapping reagent or with the primary acetate 
group, or both’?. 

The course of the reaction of organocopper reagents with 3-alkoxy-enones is 
not as clear as with simple enones. It has been observed that substitution of the 
3-alkoxy group by the organometal could occur with such substrates'*. In the case 
of enone 1, opening of the pyranose ring would result from such a substitution 
(Scheme 2). 


AcOCH> 


substitution addition 





It is doubtful whether ring closure by a 1,4-nucleophilic addition could lead to 
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only one anomer. Moreover, when acetic anhydride was introduced together with the 
enone, the open structure would have been isolated, at least in small proportion. 
This substitution—addition sequence could be responsible for the lack of stereoselec- 
tivity observed by Yunker ef al.” when treating 1,5-anhydro-4,6-O-benzylidene-2- 
deoxy-b-erythro-hex-1-en-3-ulose with dimethylcopperlithium, and by Paulsen and 
Biinsch'* when treating the same enone with 2-lithio-1,3-dithiolane-2-carboxylate. 
The inertia of this rigid bicyclic enone and of the parent alcohols towards addition 
was also observed in our laboratory’>. 

Under the conditions described herein, the reaction was stereospecific (no 
extra peak attribuable to the 6 anomer* could be detected by g.l.c. of the crude 
material), indicating that the flexibility of enone 1 allowed the direct addition of the 
organocopper compound in the usual manner. Considering the preferred conform- 
ation of enone 1, as deduced from 'H-n.m.r. data’, it is suggested that an axial 
attack by the nucleophile with stereocontrol on the 6 face would lead to an enolate 6 
having a boat-like conformation whereas that on the a face would give the enolate 7 
having a chair-like conformation. The second process would, therefore, be favored 
as suggested by Toromanoff’®, affording exclusively the C-a-p-glycosyl compound. 


Ph 


In several cases (Exps. 1, 2, 3, and 4), a small proportion of another product that had 
the same chromatographic behavior as 5 (already available in our laboratory') was 
detected (g.l.c. and t.l.c.) in the reaction mixture. This compound was isolated by 
flash chromatography and was characterized by spectroscopy as 5 resulting from 
epimerization at C-4** This epimerization was not mentionned by Goodwin et al.'°, 
but has been observed by Paulsen and Biinsch"*. It is assumed that epimerization 


*The nomenclature used to describe the configuration of C-glycosyl compounds is the same as that 


of glycosides. 
**The carbohydrate numbering is used in this paper. 
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occurred at the enolate step resulting from a 1,4 addition, because the starting enone 
was recovered unchanged when not completely transformed (Exp. 1), and the degree 
of epimerization was not increased when the work-up was delayed. In the exper- 
iment with the higher-order, mixed cuprate (Ph,CuCNLi,), the degree of epimeri- 
zation was significantly lower (3-5%) than in the experiment with the homocuprate 
(Ph,CuLi) where the proportion of isomerization could reach 20% in some cases. In 
the presence of a strong field ligand (CN _) it may be assumed that the intermediate 
enolate 7 is more ionic and, therefore, the rate of acylation is greater than that of 
proton transfer. The preservation of enolate regiospecificity resulted in a low percen- 
tage of C-4 epimerization (Exps. 2, 3, and 4). Finally, the epimerization was com- 
pletely suppressed and the yield of overall isolated product was increased to 87% 
(Exp. 5) by introducing the trapping reagent together with the enone. 

Although lithium salts were shown to influence the coupling of organocopper 
reagents with organic halides'’, no such effect was observed in our study (Exps. 2, 3, 
and 4). From enone 1 the best yield was obtained when the reaction was taken to 
completion at low temperature (—50— —25°; Exp. 5) in order to avoid any substi- 
tution at C-4 of the allylic acetate 4 by the organocopper reagent*. This reaction is 
well documented’’ and was applied to carbohydrate derivatives, but proceeds rather 
slower than 1,4-additions'*. Indeed, in some cases in which the temperature was 
allowed to raise to 0°, a low-polar compound was isolated in small proportion 
(= 10%) and shown to be 8 by spectroscopy. 


Concerning the organometallic reagent, the best results (yield and stereo- 
control) were obtained with a higher-order, mixed organocuprate reagent prepared 
from commercially available solutions of phenyllithium and copper cyanide7’. 
Although good results were obtained with a homocuprate (Ph,CuLi), the reproduci- 
bility was low with this reagent and, sometimes, a low yield, or low stereoselectivity, 
or both were obtained without predictability. 

4,6-Di-O-acetyl-1,5-anhydro-2-deoxy-D-threo-hex-l-en-3-ulose (2) was next 
investigated. Under the best conditions the rate of phenylation was slightly lower 
but the yield of isolated C-a-p-glycosides 5 was about the same (Exp. 6). In this case, 


the epimerization at C-4 was not completely avoided, and 4 was isolated (yield 3%) 


*Another advantage of a low temperature is that the possible reaction of the organocopper reagent 
with an enol ester’® is slowed down, thus keeping the reaction simple and giving a high yield. 
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from the reaction mixture and characterized. This epimerization may be due to the 
quasi-axial position of OCOCH;-4 in the intermediate. 

The a-p configuration of the C-glycosylarenes was unambiguously proved by 
X-ray crystallography” for 5, but, for the sirupy derivative 4, additional proofs were 
needed, as examination of the coupling constants for vicinal sp*-sp* carbon atoms 
may not be suficient”. Accordingly, 4 and 5 were transformed into the corresponding 
oximes 10 and 11 by action of an excess of hydroxylamine hydrochloride*' via the 
nonisolated intermediate 9. This high-yielding transformation being carried out 
under very mild conditions is a valuable tool for structure elucidation because the 
intermediate ketone is immediately quenched by an excess of reagent. The 'H-n.m.r. 
data were easier to interpret as C-1 and C-2 are now sp’, and spectral assignments 
were deduced from standard chemical-shifts and coupling-constant data and from 
extensive spin-decoupling experiments. 


NH2OH , HCl NH.2OH , HCI 
ee 








The crude oximes (10 and 12) prepared from 4 were shown to be a mixture of 
Z,E isomers (15 and 85%, respectively) by 'H-n.m.r. [di(*7H;)methylsulfoxide]. 
According to previous work*”*’, the E configuration was attributed to the major 
isomer 10, which was obtained in crystalline form. From 5, a single E isomer 11 was 
obtained. In the 'H-n.m.r. spectrum of oxime 11, the H-1 signal is a doublet of 
doublet and the J; » 3 and J; » 6 Hz were too small for an axial-axial relationship 
between H-1 and H-2’, indicating that H-1 is not in an axial position. The value of 6 
Hz, which may seem to be too large for an equatorial-axial coupling, has already 
been observed for other C-glycosyl compounds**. Therefore, only the *C,(D) con- 
formation is in reasonable agreement with these data. Such conformation was con- 
firmed by J, 5 2 Hz, which is in the range of expected value for the coupling between 
H-5a and H-4e of an hexopyranose derivative bearing an axial substituent at O-4 
and a terminal CH,OAc group”*. Thus, the axial position of the phenyl group 
provided confirmation of the a-p configuration. 

In the case of the oximes obtained from 4, the H-1 signal of the major E 
isomer 10 was a doublet of doublet [(7H3;)Me2SO] with J,.. 4.5 and J,» 8 Hz, 
suggesting an axial position for H-1 in a 'C,(p) conformation (10a). The value J4.5 
4.8 Hz was too small for an axial-axial relationship between these two protons, 
which is usually observed in the gluco series; this exclude the *C,(b) conformation. 
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It was also too large for a coupling constant between the equatorial protons in the 
'C,(D) conformation. These data favor a conformational equilibrium of compound 
10 (10a and 10b) in which the 'C,(p) conformation preponderates. The occurrence 
of this unusual conformation is supported by the 'H-n.m.r. data for the minor Z 
isomer 12 (examined in the presence of the E isomer 10). In this case, the values J; > 
3.5, Ji.» 11, and J, 2 Hz were in agreement with a highly preponderating 'C,(p) 
conformation having the phenyl group in equatorial position, thus confirming the 
a-D configuration at C-1. Since C-3 is sp”, this conformation does not afford strong 
destabilizing 1,3-diaxial interactions. Similar stereochemical properties of C-glyco- 
syl compounds were already observed for solutions in a polar solvent**. Further- 
more, it can be noted that, in each conformation of 10 or 12, one bulky group out of 
two (CH,OAc or Ph) is in axial, whereas the other one is in equatorial position (Ph 
or CH,OAc, respectively). 

In compounds in which there is no anomeric effect to strongly influence the 
conformation, an important factor of stabilization may be the axial position of the 
acetoxy group in a-position to the sp” carbon atom of the oxime group. In this 
situation, a stabilizing overlap could occur between the o* orbital of C-4-O and the 
x orbital of C=N, the axes of which are parallel. This effect resembles the anomeric 
effect in which the stabilizing effect occurs between the o* orbital of C-1-O and a 
nonbinding doublet of the ring oxygen atom”. A similar effect was observed by 
Dupuis ef a/.7° in the stabilization of radicals. This explanation would apply to 
a-substituted, sp* carbon atoms, such as a-halogenated ketone rather than the 
electrostatic repulsion of dipoles previously proposed?’. 

The reaction of organocuprate with hex-l-enopyran-3-uloses in the presence 
of acetoxy groups provides an excellent method for the preparation of C-2-deoxy-a- 
b-glycosyl compounds, which are more difficult to prepare than 6-p-glycosyl com- 
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pounds’. This reaction has several advantages, such as high yields, stereospecificity, 
and possibility of manipulations of the enol ester function present in the molecule. 


EXPERIMENTAL 


General methods. — Melting points were determined with a Thomas-—Hoover 
apparatus and are uncorrected. Optical rotations were measured with a Perkin- 
Elmer polarimeter. I.r. spectra (film or KBr disk) were recorded with a Unicam 
SP3-300 spectrophotometer, and 'H-n.m.r. spectra with a Brucker WH-250 spectro- 
meter (tetramethylsilane as internal standard). Gas chromatography (g.l.c.) was 
carried out with a Girdel 75 FD instrument fitted with a column (1 m) of 3% (w/w) 
N-phenyldiethanolamine succinate (PDEAS) on Chromosorb WAW DMCS. 
Analytical t.l.c. was performed on Merck aluminium precoated plates of Silica gel 
60 F-245 with detection by u.v., and by spraying with 3M H»,SO, and heating. The 
following solvent systems were used; solvent A (2:1 diethyl ether-ligroin) and 
solvent B (1:1 diethyl ether-chloroform). Merck silica gel 60 (230-400 mesh) was 
used for flash chromatography. Oxolane was distilled from benzophenone-sodium 
immediately before use. Phenyllithium solutions were purchased from Aldrich and 
Fluka and standardized*® before use. Copper(I) salts from Prolabo were used 
without purification. Elemental analyses were performed by the Service de Micro- 
analyse of the Université P. et M. Curie. 

Typical conjugate addition procedure exemplified by reaction of enone 1 with 
higher-order cuprate. Preparation of (3,4,6-tri-O-acetyl-2-deoxy-a-D-erythro-hex- 
2-enopyranosyl)benzene (4). — To a suspension of copper(I) cyanide (600 mg, 6.6 
mmol), in anhydrous oxolane (6 mL) under Ar, was added a 2M solution of phenyl- 
lithium (6 mL, 12 mmol) at — 50°. After 10 min of being stirred, the solution gave a 
negative Gilman test”. Under vigorous stirring, anhydrous oxolane solution (6 mL) 
containing enone 1 (684 mg, 3 mmol) and acetic anhydride (570 nL, 6 mmol) was 
added slowly via a syringe needle at such a rate that the temperature was maintained 
at —50°. Immediately, the dark-brown mixture became an orange homogenous 
solution. The temperature was allowed to rise up to (= 1 h), and maintained at — 25°. 
After completion of the reaction was indicated by t.l.c. (solvent A), saturated 
NH,CI solution (2 mL) was added and the product extracted with diethyl ether (3 x 
30 mL). The combined ether solutions were washed with saturated NH,ClI solution 
(2 x 20 mL) and water (1 x 15 mL), dried (MgSO,), and evaporated. The crude 
residue was analyzed by g.|.c. Flash chromatography of the residue with mixtures of 
diethyl ether-ligroin of increasing polarity afforded pure 4 (908 mg, 87%), colorless 
oil, [a]? + 69° (c 1.7, chloroform); lit.’ [a]p +69° (c 1.7, chloroform); Rp 0.50 
(solvent A); r.t. 18.3 min at 140°; i.r. and 'H-n.m.r. spectra were identical to those 
previously recorded’. 

Anal. Calc. for CyigH29O07 (348.34): C, 62.06; H, 5.79. Found: C, 61.82; H, 


5.62. 
(3,4,6- Tri-O-acetyl-2-deoxy-a-D-threo-hex-2-enopyranosyl) benzene (5). — 
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The same procedure used for the preparation of 4 was applied to enone 2 to afford 5 
(865 mg, 83%), m.p. 126-126.5°, la] —195° (c 1.63, chloroform); lit.’ m.p. 
126-126.5°, [aly —195° (c 1.63, chloroform); Rp 0.56 (solvent A); r.t. 16.2 min at 
140°; i.r. and 'H-n.m.r. spectra identical to those previously recorded’. 

Anal. Calc. for C;gH29O7 (348.34): C, 62.06; H, 5.79. Found: C, 62.08; H, 
5.74. 

Further elution gave 30 mg (3%) of 4. 

Typical procedure for the preparation of oximes. — The reaction was perfor- 
med at room temperature. The C-glycosyl compound (1 mmol) and hydroxylamine 
hydrochloride (4 mmol) were dissolved in anhydrous pyridine (2.5 mL). After t.l.c. 
(solvent B) indicated completion of the reaction (=~ 15 h), water (5S mL) was added 
and the product extracted with chloroform (3 x 20 mL). The combined extracts 
were washed with M HCI (1 x 10 mL), 5% NaHCO; (1 x 10 mL), and water to 
neutral pH. After being dried (MgSO,), the solution was evaporated under reduced 
pressure. The crude product was purified by crystallization or flash chromatography 
(1:1 diethyl ether-chloroform). 

(4,6-Di-O-acetyl-2-deoxy-a-D-erythro-hexopyranosyl-3-ulose oxime) benzene 
(10). Yield 285 mg (89%), m.p. 89-90° (diethyl ether), [a]j’ + 112° (c 1.3, chloro- 
form); Rr 0.51 (solvent B ); vX®8« 3380 (OH), 1740 (ester), and 1650 cm~' (weak, 
C=N); 'H-n.m.r. [(7H3)Me2SO]: 5 11.34 (s, 1 H, NOH), 7.24-7.46 (m, 5 H, arom.), 
4.99 (dd, 1 H, J;.2 4.5, J;.2 8 Hz, H-1), 3.0 (dd, 1 H, H-2e), 2.82 (dd, 1 H, J2, 2, 
14 Hz, H-2qa), 5.22 (d, 1 H, J4.5 4.8 Hz, H-4), 3.97-4.07 (m, 1 H, Js 6, 6.5 Hz, Js 6 


4 Hz, H-5), 4.35 (dd, 1 H, Jeg.6, 12 Hz, H-6a), 4.12 (dd, 1 H, H-6b), and 2.02-2.06 
(2s, 2 OCOCHS3). 
Anal. Calc. for Cyg6H;gNOg (321.33): C, 59.81; H, 5.96; N, 4.36. Found: C, 


60.05; H, 6.13; N, 4.51. 

(4,6-Di-O-acetyl-2-deoxy-a-b-threo-hexopyranosyl-3-ulose oxime) benzene 
(11). Yield 301 mg (94%), m.p. 112-112.5° (diethyl ether—hexane), [aly + 175° (¢c 
1.13, chloroform); Ry 0.51 (solvent B); vk8: 3350 (OH), 1750 (ester), and 1665 cm“ ' 
(weak, C=N); 'H-n.m.r. [CH3)Me2SO]: 6 11.42 (s, 1 H, NOH), 7.29-7.41 (m, 5 H, 
arom.), 5.28 (dd, 1 H, J;.23 J;.2 6 Hz, H-1), 3.44 (dd, 1 H, Joe.2, 15 Hz, H-2e), 2.7 
(dd, 1 H, H-2a), 5.33 (d, 1 H, J4.5 2 Hz, H-4), 3.71-3.78 (m, 1 H, H-5), 4-4.15 (m, 2 
H, H-6a,6b), and 1.99-2.10 (2 s, 2 OCOCH;). 

Anal. Calc. for CygH;gNOg¢ (321.33): C, 59.81; H, 5.96; N, 4.36. Found: C, 


59.68; H, 5.98; N, 4.58. 
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ABSTRACT 


Tributylstannyllithium treatment of 3,4,6-tri-O-benzyl-2-deoxy-a-D-arabino- 
hexopyranosyl chloride (2) provided selectively tributyl (3,4,6-tri-O-benzyl-2- 
deoxy-B-D-arabino-hexopyranosyl)stannane (3) in 85% yield. Isomeric tributyl 
(3,4,6-tri-O-benzyl-2-deoxy-a-D-arabino-hexopyranosyl)stannane (6) could be pre- 
pared in 70% yield by reductive lithiation of 2 and reaction with tributyltin chloride. 
Tin—lithium exchange reaction, performed on 3 and 6 with butyllithium in oxolane 
at —78°, generated the corresponding, configurationally stable 2-deoxy-B- and -a- 
D-hexopyranosyllithium compounds which reacted with electrophilic compounds 
with retention of configuration. Addition of these glycosyllithium reagents to 
prochiral carbonyl compounds gave variable degrees of facial selectivity. A signifi- 
cant diastereofacial discrimination (10:1) was observed by condensation of 3,4,6- 
tri-O-benzyl-2-deoxy-a-D-arabino-hexopyranosyllithium reagent with hexanal and 
isobutyraldehyde. The structure of all C-glycopyranosyl compounds obtained was 
established by 'H-n.m.r. spectroscopy. 


INTRODUCTION 


Carbohydrate-based methods of synthesis have often proved to be very 
appropriate in the preparation of enantiomerically pure, natural and artificial com- 
pounds’. One particular area which has grown rapidly in the past few years is the 
synthesis of 2,6-dialkylated oxolane units (C-glycopyranosyl compounds). These 
structural systems are not only frequently found in a wide variety of natural 
products, but are also good starting points for other synthetic objectives in which 
stereocontrolled lengthening of a carbohydrate chain is needed. Reactions of 
carbon nucleophiles with the electrophilic anomeric center of carbohydrates are 
the most exploited routes to C-glycopyranosyl syntheses’. Less common 


*For a preliminary account of this work, see ref. 1. 
*To whom correspondence should be addressed. 
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approaches may also be realized by use of a nucleophilic anomeric center. Thus, 
the efficient and stereocontrolled introduction of carbon side-chains has been 
described by use of either a stabilized nucleophilic intermediate derived from 
anomeric phosphonium salts*, nitro’? and phenylsulfonyl® sugar derivatives, and 
pentacarbonyl glycosylmanganese complexes’, or 2-deoxy-D-glucopyranosyllithium 
reagents*. As part of an ongoing research program in this area, we report herein a 
stereocontrolled method for the preparation of C-glycopyranosyl compounds from 
tributyl (2-deoxy-D-glucopyranosyl)stannanes. 


RESULTS AND DISCUSSION 


a-Alkoxy organostannanes, prepared by the addition of organotin nucleo- 
philes to aldehydes or ketones’, followed by immediate protection of the inter- 
mediate alcohol'’, have been shown to be useful precursors of a-alkoxy organo- 
lithium compounds through a fast, low-temperature, exchange reaction with alkyl- 
lithium reagents'’:''. In addition, tin—lithium exchange on stereodefined a-alkoxy 
organostannanes occurs with retention of configuration and the tetrahydral lithiated 
compounds, thus formed, accept electrophiles with retention of configuration as 
well'?:!>, In view of these observations, a stereoselective anomeric trialkylstannyla- 
tion of carbohydrates would provide, via the corresponding glycosyllithium 
reagents, a stereocontrolled route to C-glycopyranosyl compounds. Reaction of 
the tri-O-benzyl-pD-glucal'* 1 with hydrogen chloride in toluene®:!> gave unstable 
3 ,4,6-tri-O-benzyl-2-deoxy-a-D-arabino-hexopyranosyl chloride (2) which was 
treated immediately with tributylstannyllithium’’ in oxolane at 0°. The products 
formed were easily separated on a column of silica gel, providing the tributyl-B-p- 
glycosylstannane 3 as the major compound (85% from glucal 1), along with a small 
proportion of its a-D anomer 6 (1.5% from 1). The reaction of triorganotin—alkali 
reagents with organic halides is a well-known route for synthesis of tetraorganotin 
compounds'®. That the substitution reaction on chloride 2 was indeed possible was 
strongly indicated by the preparation of 1-tributylstannyl-1-methoxyheptane from 
1-chloro-1-methoxyheptane by Still'®. The stereoselectivity observed (S0~60:1) in 
favor of the B-D anomer 3 suggests a preponderant direct (SN2) displacement, 
although this statement must await further mechanistic investigation. The tributyl- 
a-D-glycosylstannane 6 was selectively obtained from chloride 2 by reductive lithia- 
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tion® with two equiv. of lithium naphthalenide in oxolane at —78°, followed by the 
addition of tributyltin chloride (70% from 1). Hydrogenolytic removal of the benzyl 
groups of 3 and 6 gave triols 4 and 7, converted into their triacetates 5 and 8, 
respectively. The introduction, in equatorial position, of tin in compound 3 was 
readily indicated by the 'H-n.m.r. data; the values of the vicinal coupling-constants 
of the ring protons (see Experimental section) suggested a *C,(D) chair conforma- 
tion in which H-1 was axially oriented (J, , 1.9 and 13.2 Hz). The stereochemical 


relation at C-1 in the a-D series could only be confirmed for 7 and 8, where a *C,(D) 
chair-conformation was deduced from the 'H-n.m.r. data with substantial 
differences in the J, , values (J, 5, 1.2-4.2 Hz, and J, 5, 6.1-4.2 Hz). Satellites arising 
from coupling of H-1 with the ''’Sn and '!°Sn nuclei were only clearly resolved in 
the 'H-n.m.r. spectra of triols 4 and 7, and triacetates 5 and 8. Great differences in 
the J, ,, values, 16.3 and 16.2 Hz for 3 and 4 (B-D anomers), as compared to 27.2 
and 26.9 Hz for 7 and 8 (a-D anomers), were observed. 

Our attention was next turned to the use of glycosylstannanes 3 and 6 in 
C-glycosylation reactions. Treatment of the glycosylstannane 3 with butyllithium in 
oxolane at —78°, followed by addition of deuterium oxide, gave specifically the 
deuteriated derivative 10 in 74% yield. The introduction, in equatorial position, of 
a deuterium atom was confirmed by 'H-n.m.r. spectroscopy showing the H-1 signal 
at 6 3.35 as a quartet (J, 5, 1.9 and J, ,, 12.4 Hz). Compound 10 most probably 
arose from the 2-deoxy-B-D-glucopyranosyllithium derivative 9. 

The specific formation of 10 showed that the stereochemical geometry was 
completely maintained throughout the sequence of reactions, both steps (tin- 
lithium exchange and electrophilic trapping) occurring with retention of configura- 
tion. The sequence of reactions performed with benzaldehyde, hexanal, and iso- 
butyraldehyde afforded the expected diastereoisomeric products 11 (95%; isomeric 
ratio, 2:1), 12 (80%; isomeric ratio, 1:1), and 13 (80%; isomeric ratio, 3:1), respec- 
tively, in which the newly formed carbon-carbon bond was equatorial. These com- 
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pounds were accompanied by variable proportions of 1,5-anhydro-3,4,6-tri-O-ben- 
zyl-1,2-dideoxy-D-arabino-hexitol (20; 1-10%), probably resulting from the hydro- 
lysis of the lithiated intermediate 9. All diastereoisomeric mixtures formed were 
oxidized by pyridinium chlorochromate in dichloromethane’’ to give single ketones 
14, 15, and 16. The configuration at the anomeric center of 14, 15, and 16 was 
readily deduced from 'H-n.m.r. spectra showing H-1 resonances at 6 4.32 (for 15) 
to 5.19 (for 14) as quartets with J, , values 1.9-2.2 Hz (J; »,) and 12-—12.2 Hz (J; »,) 
in a 4C,(D) conformation. Glycosyllithium 9 also reacted with acetone to produce 
alcohol 17 and with 2-cyclohexenone in a 1,2-position to give allylic alcohol 18 as a 
1:1 diastereoisomeric mixture. In the latter case, none of the corresponding 1 ,4-ad- 
duct could be detected. The reaction with butyl iodide gave, in low yield (39%), 
the C-butylglycoside 19, as was the case with reactions using other alkyl iodides not 
described in this work. Large proportions of 20 (up to 52%) were formed, and it 
appears that the hydrogen transfer was preferred to alkylation, although the reason 
for this behavior has not yet been determined. In all reactions, exclusive formation 
of an equatorial carbon-carbon bond was observed, indicating the equatorial na- 
ture of the carbon-—lithium bond of 9. These results were not surprising in that 
strong stereoelectronic-stabilizing effects have already been demonstrated for simi- 
lar stereochemical situations'®*. 

Similarly, treatment of tributyl-a-D-glycopyranosylstannane 6 with butyl- 
lithium in oxolane at —78°, and addition of deuterium oxide to the glycosyllithium 
derivative thus produced gave the deuteriated a-D anomer 22 which is identical to 
the product already described*. The actual conformation of the lithium reagent 21 
is unknown, but it is possible that the lithium anomeric substituent, or the corre- 
sponding lone pair, prefers a (pseudo)equatorial orientation in order to avoid a 
destabilizing interaction with one of the nonbonding electron pairs of the ring 
oxygen atom!® (reverse anomeric effect'’). Coupling reactions using benzaldehyde, 
hexanal, and isobutyraldehyde afforded the diastereoisomeric alcohols 23 (65%; 
ratio 3:1), 24 (74%; ratio, 10:1), and 25 (85%; ratio 10:1), respectively, together 
with 20. Pyridinium chlorochromate oxidation of 23, 24, and 25 occurred without 
isomerization to give the single ketones 26 (69%), 27 (73%), and 28 (89%), 


OBn OBn 
BuLi BnO oO et Bno O 
6 _———— —_—____ > 
BnoO BnOo 
Li E 


21 22 D 
23 Ee CH(OH)Ph 
24E CH(OH)Cs5Hy; 
25 CH(OH)CHMe> 
26 E£ COPh 
27 E COCsH,, 
28E COCHMe, 





TRIBUTYL-(2-DEOXY- @ AND -B-D-GLUCOPYRANOSYL)STANNANES 293 


respectively. Examination of the 'H-n.m.r. parameters of 23, 24, and 25 indicated 
a substantial conformational deviation from the usual *C,(D) conformation (see 
Experimental section), which was especially noticeable for the minor isomers, as 
for instance for 23 where vicinal-coupling constant values of 4.6 Hz for J; , and J, <, 
and 3.9 and 9.0 Hz for J, , were found. This conformational distortion, probably 
due to steric interaction between the sugar ring and the a-hydroxy-alkyl or -aryl 
side-chain was no longer perceptible in the 'H-n.m.r. spectra of ketones 26, 27, and 
28, where coupling constant values of 8.3—8.9 Hz (J, , and J, ;), 10.3-10.8 Hz (J;, 3), 
2.1-3.0 Hz (J; 5,), and 5.8 Hz (J, 5,) were observed, values consistent with a *C,(D) 
conformation. 

As already established®*°, such kinetically-generated lithiated compounds 
as 21 are configurationally stable under the conditions used (oxolane, —78°). The 
selectivity of the attack at the carbonyl group by the glycosyllithium reagent 9 was 
low (ratio 1:1—3:1), but became significant in the condensation of glycosyllithium 
21 with hexanal and isobutyraldehyde (ratio 10:1*), although the like or unlike?! 
nature of the stereochemical outcome is presently unknown. More examples are 
needed to delineate the synthetic usefulness of the facial discrimination of these 
asymmetric carbanions in their addition reactions to prochiral or chiral carbonyl 
compounds. High levels of diastereofacial selectivity would, therefore, allow the 
stereoselective construction of two chiral centers in a single synthetic operation. 


EXPERIMENTAL 


General methods. — Melting points were determined for capillary tubes with 
a Biichi apparatus and are uncorrected. Optical rotations were measured with a 
Perkin-Elmer Model 141 polarimeter at the sodium D-line at 22+2°. 'H-N.m.r. 
spectra were recorded with a Perkin-Elmer R-32 (90 MHz) or Bruker AM-300 
(300 MHz) spectrometer for solutions in CDCl, (internal Me,Si) unless otherwise 
stated. Mass spectra were recorded with a Ribermag R-10-10 instrument in the 
desorption chemical-ionization (d.c.i.) mode using ammonia as the reagent gas. All 
solvents and reagents were purified and dried according to standard procedures”. 
Tributylstannyllithium was prepared by the addition of butyllithium to commercial 
hexabutylditin in oxolane (0°, 15 min), according to Still'®. Solution transfers were 
conducted under dry Ar by standard syringe techniques. T.l.c. was performed on 
Silica gel 60-F,,, (Merck) with detection by quenching of fluorescence and by 
charring with H,SO,. For column chromatography, the loading was in the range 
1:20-1:50 on Silica gel 60 (Merck, 63-200 um) which was used without pre- 
treatment. Elemental analyses were performed by the Service Central de Micro- 
Analyse du Centre National de la Recherche Scientifique. 


*Erroneously reported as 3:1 for hexanal!. 
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Tributyl - (3,4,6-tri-O-benzyl-2-deoxy-B-D-arabino-hexopyranosyl)stannane 
(3). — 1,5-Anhydro-3,4,6-tri-O-benzyl-2-deoxy-D-arabino-hex-1l-enitol (1) was 
prepared essentially as described by Blackburne et al.'*, by benzylation (NaH, 
benzyl bromide) in anhydrous N,N-dimethylformamide, m.p. 57°, [a]f?_ —2.7° (c 
1.89, chloroform); lit.!4 m.p. 57—57.5°, [a], —2.9° (chloroform); lit. m.p. 55°, 
[a], —2.7° (chloroform). Dry HCl was bubbled through a stirred solution of 1 
(2.39 g, 5.74 mmol) in anhydrous toluene (10 mL) at 0° for 15 min. Excess HCI was 
eliminated by Ar bubbling and the solution was concentrated under reduced 
pressure. After several co-evaporations with toluene, the colorless syrup of 3,4,6- 
tri-O-benzyl-2-deoxy-a-D-arabino-hexopyranosyl chloride (2) was dried under 
high-vacuum (1 h), and used immediately in the next step. 

To a stirred solution of 2 in anhydrous oxolane (6 mL) under Ar at 0° was 
added, in the course of 20 min, a 0.5M solution of freshly prepared tributylstannyl- 
lithium in oxolane (17.2 mL, 8.6 mmol, 1.5 equiv.). After 1.5 h at 0°, NH,Cl was 
added and the mixture was diluted with ethyl ether (100 mL) and water (30 mL). 
The organic phase was washed twice with sat. aqueous NH,CI solution, dried 
(MgSO,), and evaporated. Column chromatography (hexane, then hexane-ethyl 
acetate, 6:1) of the residue provided 3 (3.46 g, 85%), colorless syrup, [a]? —9.3° 
(c 1.76, chloroform); 'H-n.m.r.: 6 1.84 (ddd, 1 H, J,,, 10.2, Jz, 5, 13.0, J; 5, 13.2 
Hz, H-2a), 2.13 (ddd, 1 H, J; 5, 1.9, Js, 3 4.9, Jz, >, 13.0 Hz, H-2e), 3.24 (dt, 1 H, 
5 6a = Is 6p 3-0, J45 8.9 Hz, H-5), 3.49 (t, 1 H, J34 = J45 8.9 Hz, H-4), 3.57 (ddd, 
1 H, J5, 3 4.9, J; 4 8.9, J, 3 10.2 Hz, H-3), 3.63 (dd, 1 H, J, 5, 1.9, J; 5, 13.2 Hz, H-1), 
and 3.71 (m, 2 H, H-6a,6b); m.s.: m/z 597 (17), 599 (28), 601 (37), (M* —OBn), 
647 (39), 649 (77), and 651 (100) (M* —Bu). 

Anal. Calc. for Cy,H,,<O,Sn: C, 66.20; H, 7.98. Found: C, 66.48; H, 8.15. 

Further elution of the column yielded the anomer 6 (60 mg, 1.5%), identical 
to the compound described later. 

Tributyl-(2-deoxy-B-D-arabino-hexopyranosyl)stannane (4). — A solution of 
stannane 3 (143 mg, 0.20 mmol) in methanol (2 mL) containing 10% Pd—C (~10 
mg) under H, was stirred for 1 h at room temperature. The mixture was filtered 
through Celite, and the insoluble material washed with several portions of 
methanol. Evaporation to dryness of the combined filtrate and washings gave a 
residue which was purified by column chromatography (2:3 dichloromethane-ethyl 
acetate) to yield 4 (77 mg, 87%), colorless syrup, [a]j* —8.5° (c 1.32, chloroform); 
'H-n.m.r.: 6 1.83 (dt, 1 H, J,,; 10.8, J; 5, = Jog 2, 13.2 Hz, H-2a), 2.03 (ddd, 1 H, 
J 2¢ 2-2, Jz, 35.0, Jz, 9, 13.2 Hz, H-2e), 3.11 (ddd, 1 H, Js 4, 3.7, Js 6, 4.6, J45 8.9 Hz, 
H-5), 3.39 (t, 1 H, J, 4 = Jy; 8.9 Hz, H-4), 3.585 (ddd, 1 H, J,, , 5.0, J34 8.9, Jo, 3 
10.8 Hz, H-3), 3.73 (dd, 1 H, J; ¢, 4.6, Je, 6, 11.8 Hz, H-6a), 3.78 (dd, 1H, J; 5, 2.2, 
Ji 2, 13.2 Hz, H-1), and 3.815 (dd, 1 H, J; 4, 3.7, J¢,., 11.8 Hz, H-6b); !!7"9Sn 
satellites for H-1: Js, , 16.3 Hz. 

Anal. Calc. for C,gH3,0,Sn: C, 49.45; H, 8.76. Found: C, 49.65; H, 8.92. 

Tributyl- (3,4,6-tri- O-acetyl-2- deoxy - B-D-arabino-hexopyranosyl)stannane 
(5). — Acetylation of 4 (61 mg, 0.14 mmol) under standard conditions (acetic 
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anhydride, pyridine) afforded, after column chromatography (5:1 hexane-ethyl 
acetate), 5 (74 mg, 93%), syrup, [a]%? —25° (c 2.9, chloroform); 'H-n.m.r.: 6 1.93 
(dt, 1 H, J,, ; 10.6, J; 5, = Jo 2, 13.2 Hz, H-2a), 2.03-2.04 (3 s, 9 H, 3 COCH,), 2.14 
(ddd, 1H, J; 5, 2.1, Jz, 3 5.0, Jr, 2, 13.2 Hz, H-2e), 3.40 (ddd, 1 H, J; ¢, 2.6, Js 6 5.2, 
J,5 9.3 Hz, H-5), 3.725 (dd, 1 H, J; >, 2.1, J; 2, 13.2 Hz, H-1), 4.04 (dd, 1 H, Js, 
2.6, Jéa6p 12.1 Hz, H-6a), 4.14 (dd, 1 H, Js 4, 5.2, Jeaey 12.1 Hz, H-6b), and 4.89 
(ddd, 1H, J, ,5.0, J; 4 = J4.5 9.3 Hz, H-4); '!”°Sn satellites for H-1: Js, , 16.2 Hz. 
Anal. Calc. for C,,H,,0,Sn: C, 51.17; H, 7.87. Found: C, 51.11; H, 8.16. 
Tributyl- (3,4,6-tri-O-benzyl-2-deoxy-a-D-arabino-hexopyranosyl)stannane 
(6). — Chloride 2, prepared from 1 (532 mg, 1.28 mmol) as described above, was 
dissolved in anhydrous oxolane (10 mL) and the solution chilled to —78° under Ar. 
Lithium naphthalenide (2.7 mL of a M oxolane solutions; 2.7 mmol, 2.1 equiv.) 
was added in the course of 5 min. To the dark-red solution was immediately added 
tributyltin chloride (0.7 mL, 2.56 mmol, 2 equiv.), and the mixture was stirred for 
15 min at —78°. After addition of NH,Cl, the mixture was diluted with ethyl ether 
(S50 mL), and water (20 mL). The organic phase was washed with sat. aqueous 
NH,Cl, dried (MgSO,), and evaporated. Column chromatography (9:1 hexane- 
ethyl acetate) of the residue gave 6 (631 mg, 70%), colorless oil, [a]f* +26° (c 
5.53, chloroform); 'H-n.m.r.: 6 2.17 (m, 2 H, H-2a,2b), 3.16 (ddd, 1 H, J; ,, 2.1, 
Js 6 4-1, Jg.5 8.5 Hz, H-5), 3.50 (t, 1 H, J3.4 = Jy; 8.5 Hz, H-4), 3.55 (m, 1 H, H-3), 
3.64 (dd, 1 H, Js 6, 2-1, J6a.6) 10.2 Hz, H-6a), 3.72 (dd, 1H, Js 4, 4.1, J6q.6, 10.2 Hz, 
H-6b), and 4.56 (m, 1 H, H-1); m.s.: m/z 647 (38), 649 (77), 651 (100), (M* —Bu), 
722 (12), 724 (22), and 726 (30) (M*+ +18). 
Anal. Calc. for C,JH;,0,Sn: C, 66.20; H, 7.98. Found: C, 66.16; H, 7.99. 
Tributyl-(2-deoxy-a-D-arabino-hexopyranosyl)stannane (7) and _tributyl- 
(3,4,6-tri-O-acetyl-2-deoxy-a-D-arabino-hexopyranosyl)stannane (8). — Hydro- 
genolysis of 6 (50 mg, 0.07 mmol) in ethyl acetate (2 mL) under the conditions 
described for the preparation of 4 gave, after purification by column chromatog- 
raphy (20:1 dichloromethane—-methanol), 7 (22 mg, 71%), colorless syrup, [a]? 
+33° (c 0.36, chloroform); 'H-n.m.r.: 62.08 (ddd, 1 H, J; 5, 1.2, Jz, 3 5.4, Jog 2, 13.1 
Hz, H-2e), 2.17 (ddd, 1 H, J; 5, 6.1, Jz, 3 10.8, J, >, 13.1 Hz, H-2a), 3.03 (dt, 1 H, 
Is 6a = Js.6p 4-0, J4.5 9.0 Hz, H-5), 3.41 (t, 1 H, J34 = J, 9.0 Hz, H-4), 3.59 (ddd, 
1H, Jz, 3 5.4, Jz, 9.0, Jz, 3 10.8 Hz, H-3), 3.81 (m, 2 H, H-6a,6b), and 4.52 (dd, 1 
H, J, >, 1.2, J; >, 6.1 Hz, H-1); '!”!!9Sn satellites for H-1: Js, ; 27.2 Hz. 
Acetylation by standard conditions of 7 (104 mg, 0.24 mmol) afforded 8 (119 
mg, 89%), colorless syrup, [a]? +43° (c 2.69, chloroform); 'H-n.m.r.: 6 2.03, 
2.055, and 2.08 (3 s, 9 H, 3 CH;CO), 2.21 (m, 2 H, H-2a,2b), 2.85 (ddd, 1 H, J; ¢, 
2.4, Js 65 5-8, J4.5 8.9 Hz, H-5), 4.45 (dd, 1 H, Js 6, 2-4, Jgagp 12.1 Hz, H-6a), 4.29 
(dd, 1H, Js 6, 5-8, J6a.6p 12.1 Hz, H-6b), 4.53 (t, 1 H, J, , = J», 4.2 Hz, H-1), and 
4.91 (m, 2 H, H-3,4); '!”"!9Sn satellites for H-1: Js, ; 26.9 Hz. 
Anal. Calc. for C,,H,,07Sn: C, 51.17; H, 7.87. Found: C, 51.55; H, 7.94. 
General procedure for the C—C bond formation from stannanes 3 and 6. — To 
a stirred solution of stannane 3 or 6 in anhydrous oxolane (1.5 mL/mmol) at —78° 
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under Ar was added butyllithium (1.6M in hexane, 1.2 equiv.). After stirring for 2 
min at —78°, the electrophile (1.2 equiv.) was added neat or in oxolane solution (1 
mL/mmol). The solution was then treated with NH,ClI after being stirred for an 
appropriate period of time at —78° under Ar (usually 0.5 h). The mixture was 
diluted with ethyl ether and water, and the organic phase extracted twice with sat. 
aqueous NH,Cl, dried (MgSO,), and evaporated in vacuo. The residue was purified 
by chromatography. 

(1S)-1,5-Anhydro-3,4,6-tri-O-benzyl-2-deoxy-D-(1--H)arabino-hexitol (10). 
— Reaction of 3 (56.5 mg, 0.08 mmol) and D,O (5 wL) under the conditions 
described above gave, after column chromatography (6:1 hexane-ethyl acetate), 
10 (24.5 mg, 74%), colorless syrup, [a],* +21° (c 2.07, chloroform); 'H-n.m.r.: 6 
1.70 (dt, 1 H, J; 5, 12.4, Jog x. = Jog.3 = 13.0 Hz, H-2a), 2.07 (ddd, 1 H, J; 5, 1.9, J, 
5.0, Jz, 2, 13.0 Hz, H-2e), 3.34 (m, 1 H, H-5), 3.35 (dd, 1 H, J; », 1.9, J; ., 12.4 Hz, 
H-2a), 3.49 (t, 1 H, J; 4 = Jy; 9.0 Hz, H-4), 3.62 (ddd, J,, , 5.0, J; 4 9.0, J, 3 13.2 
Hz, H-3), and 3.68 (m, 2 H, H-6a,6b). 

Anal. Calc. for C,,H,,DO,: C, 77.30; H, 7.45. Found: C, 77.31; H, 7.56. 

Phenyl (3,4,6-tri-O-benzyl-2-deoxy-B-D-arabino-hexopyranosyl) ketone (14). 
— The general procedure with 3 (58 mg, 0.08 mmol) and benzaldehyde (9 uwL, 0.10 
mmol, 1.2 equiv.) afforded, after column chromatography (4:1 toluene—ethyl 
acetate), phenyl-(3,4,6-tri-O-benzyl-2-deoxy-B-D-arabino-hexopyranosyl)methanol 
(11; 41 mg, 95%), mixture of isomers, colorless syrup; 'H-n.m.r. (selected data): 
(major isomer) 6 1.61 (dt, 1 H, J, 5, = Jz,.3 11.5, J, ., 12.9 Hz, H-2a) and 1.88 (ddd, 
1 H, J, >, 2.1, Jo, 3 5.1, Jog, 12.9 Hz, H-2e); (minor isomer) 6 1.40 (dt, 1 H, J, 5, = 
Joq,3 11.5, Jog, 12.9 Hz, H-2a) and 1.77 (ddd, 1 H, J; 5, 1.9, Jy, 3 4.3, Jog 2, 12.9 Hz, 
H-2e); isomeric ratio, 2:1. 

A solution of 11 (35 mg, 67 wmol) in dichloromethane (1 mL) was added to 
a stirred solution of pyridinium chlorochromate (43 mg, 0.20 mmol, 3 equiv.) in 
dichloromethane (1 mL) containing molecular sieves (4A) and sodium acetate (28 
mg). Stirring was continued until the oxidation was complete (t.1.c.). Ethyl ether (2 
mL) was added, the suspension was then stirred for an additional 15 min and 
filtered through a bed of silica gel, and the insoluble material was washed several 
times with ethyl ether. Evaporation of the combined filtrate and washings left a 
residue which was purified by column chromatography (3:1 hexane-ethyl acetate) 
to afford 14 (25 mg, 72%), colorless syrup, [a]4* +7° (c 0.91, chloroform); 'H- 
n.m.r.: 61.85 (dt, 1 H, J, 5, = Ja, 3 = 12, J, >, 13.0 Hz, H-2a), 2.49 (ddd, 1 H, J, 5, 
1.9, J,, 3 5.0, J, >, 13.0 Hz, H-2e), 3.57 (t, 1 H, J3.4 = J4.5 8.9 Hz, H-4), 3.64 (ddd, 
l H, Js 6, 1.6, Js 6p 4.9, J45 8.9 Hz, H-5), 3.71 (dd, 1 H, J5 6, 4.9, Jeg, 11.0 Hz, 
H-6a), 3.80 (dd, 1 H, J; 4, 1.6, J,, 4, 11.0 Hz, H-6b), 3.82 (m, 1 H, H-3), and 4.58 
(dd, 1 H, J, >, 1.9, J, 5, 12.4 Hz, H-1). 

Anal. Calc. for C34,H,,0;: C, 78.14; H, 6.56. Found: C, 78.18; H, 6.76. 

1-(3,4,6-Tri-O-benzyl-2-deoxy-B-D-arabino-hexopyranosyl)-1-hexanone (15). 
— The general procedure with 3 (78 mg, 0.11 mmol) and hexanal (16 wL, 0.13 
mmol, 1.2 equiv.) gave, after column chromatography (9:1 toluene—ethy! acetate), 
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1-(3,4,6-tri-O-benzyl-2-deoxy-B-D-arabino-hexopyranosyl)-1-hexanol as a mixture 
of isomers (12; 46 mg, 80%), colorless syrup; 'H-n.m.r. (selected data): 65 1.59 
(~q, J ~12 Hz, H-2a one isomer), 2.10 (m, 1 H, H-2e both isomers), 2.17 (bs, 
OH), 2.58 (bs, OH), 3.20 (ddd, J; 5, 1.7, Ji cHony 6-6, Jj2, 11.0 Hz, H-1 one 
isomer), 3.31 (ddd, J; >, 1.7, Ji cxony 3-9, J1.22 11-0 Hz, H-1 other isomer), 3.40 (m, 
1 H, H-5), 3.67 (m, 1 H, H-3), and 3.72 (m, 2 H, H-6a,6b); isomeric ratio, 1:1. 

Oxidation of 12 (62 mg, 0.12 mmol) by the procedure used for 11 gave, after 
column chromatography (9:1 toluene-ethyl acetate), 15 (S59 mg, 94%), colorless 
syrup, [a]f* +31° (c 1.53, chloroform); 'H-n.m.r.: 6 0.89 (t, 3 H, J 6.9 Hz, CH,), 
1.30 (m, 4H, 2 CH,), 1.48 (dt, 1 H, J; 5, = Jz,.3 12.1, Jo, >, 13.0 Hz, H-2a), 1.57 (m, 
2 H, CH,), 2.45 (ddd, 1 H, J; 5, 2.3, Jy, 3 4.9, Jr, 5, 13.0 Hz, H-2e), 2.65 (t, 2 H, J 
7.2 Hz, CH,CO), 3.44 (ddd, 1 H, Js 6, 2.2, Js 6 4.0, Js; 9.6 Hz, H-5), 3.50 (dd, 1 
H, J; 4 7.9, J, 9.6 Hz, H-4), 3.69 (ddd, 1 H, J, ; 4.9, J; 4 7.9, Jz, 12.1 Hz, H-3), 
3.75 (m, 2 H, H-6a,6b), and 3.79 (dd, 1 H, J; 5, 2.3, J; », 12.1 Hz, H-1). 

Anal. Calc. for C,,H,,O0O,;: C, 76.72; H, 7.80. Found: C, 76.77; H, 7.83. 

2-Methyl-1-(3,4,6-tri-O-benzyl-2-deoxy-B-D-arabino-hexopyranosyl)-1-pro- 
panone (16). — The general procedure with 3 (205 mg, 0.29 mmol) and isobutyr- 
aldehyde (32 wL, 0.35 mmol, 1.2 equiv.) gave, after column chromatography (4:1 
dichloromethane-ethyl acetate), 2-methyl-1-(3,4,6-tri-O-benzyl-2-deoxy-B-D-ara- 
bino-hexopyranosyl)-1-propanol as a mixture of isomers (13; 113 mg, 80%), color- 
less syrup; 'H-n.m.r. (selected data): (major isomer) 6 2.05 (ddd, J, 5, 2.1, J, 3 ~5, 
oq. ~13 Hz, H-2e); (minor isomer) 6 2.16 (ddd, J; 5, ~2, Jn,3 ~4, Jog 2, 12.8 Hz, 
H-2e); isomeric ratio, 3:1. 

Oxidation of 13 (89 mg, 0.18 mmol) according to the procedure used for 11 
gave, after column chromatography (50:1 dichloromethane-ethyl acetate), 16 (71 
mg, 80%), colorless syrup, [a]? +24.5° (c 2.53, dichloromethane); 'H-n.m.r.: 6 
1.10 and 1.11 (2 d, 6H, J 7.0 Hz, 2 CH;), 1.51 (~q, 1 H, J3,3 11.2, J, 2, 12.2, Jy, >, 
13.1 Hz, H-2a), 2.50 (ddd, 1 H, J; 5, 2.2, Jy, 3 4.9, Jog 2, 13.1 Hz, H-2e), 3.21 (h, 1 
H, J 7.0 Hz, CHMe;), 3.45 (ddd, 1 H, Js; ¢, 2.2, Js 6 3-9, Jy.5 9.6 Hz, H-5), 3.515 
(dd, 1 H, J; 4 8.0, J, ; 9.6 Hz, H-4), 3.70 (ddd, 1 H, J,, ;, 4.9, J; 4 8.0, J,,; 11.2 Hz, 
H-3), 3.76 (m, 2 H, H-6a,6b), and 3.89 (dd, 1 H, J; 5, 2.2, J; 5, 12.2 Hz, H-1). 

Anal. Calc. for C,,H,,0;: C, 76.20; H, 7.43. Found: C, 76.35; H, 7.44. 

1-Methyl-1-(3,4,6-tri-O-benzyl-2-deoxy-B-D-arabino-hexopyranosyl)-1-etha- 
nol (17). — The general procedure with 3 (300 mg, 0.42 mmol) and acetone (48 
wL, 0.63 mmol, 1.5 equiv.) gave, after column chromatography (5:1 dichloro- 
methane-ethyl acetate), 17 (122 mg, 60%), m.p. 58-60° (pentane-chloroform), 
[a]f* +14° (c 1.9, chloroform); 'H-n.m.r.: 6 1.21 and 1.24 (2s, 6 H, 2 CH;), 1.51 
(~q, 1H, Jz, 3 11.3, J, 2, 11.9, Jo, >, 12.7 Hz, H-2a), 2.16 (ddd, 1 H, J; >, 1.9, J, 3 
5.0, Jo, 7, 12.7 Hz, H-2e), 3.20 (dd, 1H, J; 5, 1.9, J; 2, 11.9 Hz, H-1), 3.45 (dt, 1 H, 
V5 6a = Isp 3-0, Jy.5 9.5 Hz, H-5), 3.52 (dd, 1 H, J34 8.1, J45 9.5 Hz, H-4), 3.70 
(ddd, 1 H, J>, ; 5.0, J; 4 8.1, Jz, 11.3 Hz, H-3), and 3.76 (m, 2 H, H-6a,6b). 

Anal. Calc. for C3)H,,0;: C, 75.60; H, 7.61. Found: C, 75.68; H, 7.70. 

(1RS)-(1-3,4,6- Tri-O-benzyl-2-deoxy-B-D-arabino-hexopyranosyl)-2-cyclo- 
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hexen-1-ol (18). — The general procedure with 3 (405 mg, 0.57 mmol) and 2-cyclo- 
hexen-l-one (83 uwL, 0.85 mmol, 1.5 equiv.) gave, after column chromatography 
(2:1 hexane-ethyl acetate), 18 (192 mg, 65%) as a mixture of isomers, colorless 
syrup; 'H-n.m.r.: 6 1.55 and 1.56 (2 q, 1 H, J ~12 Hz, H-2a), 1.61—2.07 (m, 6 H, 
3 CH, cyclohexenyl), 2.12 and 2.17 (2 ddd, 1 H, J, 5, 2.1, Jo,.3 5.1, Jo, 2, 13.0 Hz, 
H-2e), 2.48 and 2.65 (2 bs, 1 H, OH), 3.26 and 3.30 (2 dd, 1 H, J; 5, 2.1, J; 2, 10.5 
Hz, H-1), 3.42 (m, 1 H, H-5), 3.49 and 3.50 (2 dd, 1 H, J; 4 8.3, J, 9.7 Hz, H-4), 
3.67 (m, 1 H, H-3), 3.73 (m, 2 H, H-6a,6b), 5.67, and 5.71 (m, 1 H, Jeyecy 10.2 
Hz, H vinylic), and 5.92 (m, 1 H, H vinylic); isomeric ratio, 1:1. 

Anal. Calc. for C3,H3g0,: C, 77.01; H, 7.44. Found: C, 77.27; H, 7.74. 

1-(3,4,6-Tri-O-benzyl-2-deoxy-B-D-arabino-hexopyranosyl)butane (19). — 
The general procedure with 3 (331 mg, 0.47 mmol) and butyl iodide (80 uwL, 0.70 
mmol, 1.5 equiv.) gave, after column chromatography (15:1 hexane-ethyl acetate), 
19 (86 mg, 39%) as a colorless syrup, [a]%? +6.7° (c 3.55, chloroform); 'H-n.m.r.: 
6 0.90 (t, 3 H, J 7.0 Hz, CH;), 1.25—1.51, 1.62 (m, 6 H, 3 CH, butyl), 1.38 (dt, 1 
H, Ji 2g = Jo,3 11.3, Jo, 2, 12.9 Hz, H-2a), 2.14 (ddd, 1 H, J; 5, 1.9, Jz, 3 5.0, Jo, 2, 
12.9 Hz, H-2e), 3.31 (m, 1 H, J, >, 1.9, Jy cy. 5.2, 7-1, Jy.24 11.3 Hz, H-1), 3.37 (ddd, 
1H, Js 64 2-1, Js 6a 4-4, Js 9.6 Hz, H-5), 3.47 (dd, 1 H, J; 4 8.6, J,; 9.6 Hz, H-4), 
3.64 (ddd, 1 H, J,, , 5.0, J; 4 8.6, Jz, 11.4 Hz, H-3), 3.68 (dd, 1 H, Js 6, 4.4, J6a6n 
10.7 Hz, H-6a), and 3.74 (dd, 1 H, Js 4, 2.1, Jgq.64 10.7 Hz, H-6b). 

Anal. Calc. for C3,H3.0,: C, 78.45; H, 8.07. Found: C, 78.38; H, 7.90. 

(1R)-1,5-Anhydro-3,4,6-tri-O-benzyl-2-deoxy-D-(1*H)-arabino-hexitol (22). 
— The general procedure with 6 (69 mg, 0.1 mmol) and deuterium oxide (5 nL) 
gave, after column chromatography (4:1 hexane-ethyl acetate), 22 (29 mg, 70%), 
[a]f* +18° (c 1.58, chloroform); lit.8 [a],; +19°; 'H-n.m.r.: 6 1.70 (ddd, 1 H, J, 5, 
4.8, J,,; 11.0, J, >, 13.0 Hz, H-2a), 2.07 (ddd, 1 H, J, 5, 1.7, J,, 3 5.0, Jz, >, 13.0 Hz, 
H-2e), 3.34 (ddd, 1 H, J; ¢ 3.0, Js 6, 4.3, J4.5 9.7 Hz, H-5), 3.49 (dd, 1 H, J;, 8.7, 
J45 9.7 Hz, H-4), 3.62 (ddd, 1 H, J, 5.0, J; 4 8.7, Jz, 3 11.0 Hz, H-3), 3.68 (m, 2 
H, H-6a,6b), and 3.98 (dd, 1 H, J, 5, 1.7, J; 2, 4.8 Hz, H-1). 

Phenyl (3,4,6-tri-O-benzyl-2-deoxy-a-D-arabino-hexopyranosyl) ketone (26). 
— The general procedure with 6 (170 mg, 0.24 mmol) and benzaldehyde (37 uL, 
0.36 mmol, 1.5 equiv.) gave phenyl-(3,4,6-tri-O-benzyl-2-deoxy-a-D-arabino-hexo- 
pyranosyl)methanol as a mixture of isomers (23; 81 mg, 65%), colorless syrup; 
'H-n.m.r. (selected data): (major isomer) 6 1.53 (ddd, 1 H, J; , 5.0, J, 3 8.6, Jo, > 
13.8 Hz, H-2a), 1.78 (dt, 1 H, J; », = Jy,3 4.9, Jr, 13.8 Hz, H-2b), 3.18 (bs, 1 H, 
OH), 3.53 (t, 1 H, J34 = J; 7.0 Hz, H-4), 3.70 (dd, 1 H, Js 6, 3.6, Jéa.6p 10.5 Hz, 
H-6a), 3.79 (dd, 1 H, Js 6, 6.0, J¢, 6) 10.5 Hz, H-6b), 3.79 (m, 1 H, H-3), 3.87 [dt, 
1H, Ji 2, = Jia» 5-9, Ji cron 9-3 Hz, H-1], 3.96 (ddd, 1 H, J; 6, 3.6, Js 6, 6.0, J, 5 
7.0 Hz, H-5), and 4.71 [d, 1 H, J; cx~oH) 9-3 Hz, CH(OH)]; (minor isomer) 6 1.46 
(ddd, 1 H, J; 5, 3.9, Joa.3 5.5, Jog xy 13.9 Hz, H-2a), 2.17 (ddd, 1 H, Jy, 3 3.8, J; , 9.0, 
J5.2» 13.9 Hz, H-2b), 2.57 (bs, 1 H, OH), 3.47 (t, 1 H, J; = J,.5 4.6 Hz, H-4), 3.57 
(dd, 1 H, Js 6, 4.3, J6acp 10.5 Hz, H-6a), 3.82 (dd, 1 H, Js 5, 6.6, J¢,6, 10.5 Hz, 
H-6b), 3.82 (m, 1 H, H-3), 4.02 [ddd, 1 H, J; 5, 3.9, J; cron 4-9; Ji. 9-0 Hz, H-1], 
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4.16(m, 1 H, H-5), and 4.93 [d, 1 H, J; exon) 4-9 Hz, CH(OH)]; isomeric ratio, 3:1. 

Oxidation of 23 (45 mg, 0.08 mmol) by use of the procedure for 11 gave, after 
column chromatography (3:1 hexane-ethyl acetate), 26 (31 mg, 69%), colorless 
syrup, [a]2? +63° (c 1.5, chloroform); 'H-n.m.r.: 6 1.88 (ddd, 1 H, J, 2, 5.8, Jz, 3 
10.8, Jz, >, 13.0 Hz, H-2a), 2.78 (ddd, 1 H, J; 5, 2.1, Jz,.3 4.9 Jogo, 13.0 Hz, H-2e), 
3.36 (ddd, 1 H, Js; 6, 2.0, Js 6, 4.0, J45 8.9 Hz, H-5), 3.49 (dd, 1 H, Js 6, 2-0, Jeaen 
10.5 Hz, H-6a), 3.63 (t, 1 H, J34 = Jy; 8.9 Hz, H-4), 3.67 (dd, 1 H, Js 6, 4.0, Joa op 
10.5 Hz, H-6b), 3.93 (ddd, 1 H, J5, , 4.9, J; 4 8.9, Jz, ; 10.8 Hz, H-3), and 5.19 (dd, 
1H, J; >, 2.1, J; , 5.8 Hz, H-1). 

Anal. Calc. for C3,H3,0;: C, 78.14; H, 6.56. Found: C, 78.47; H, 6.58. 

1-(3,4,6-Tri-O-benzyl-2-deoxy-a-D-arabino-hexopyranosyl)-1-hexanone (27). 
— The general procedure with 6 (133 mg, 0.19 mmol) and hexanal (34 wL, 0.28 
mmol, 1.5 equiv.) gave, after column chromatography (17:3 toluene-—ethyl acetate), 
1-(3,4,6-tri-O-benzyl-2-deoxy-a-D-arabino-hexopyranosyl)-1-hexanol as a mixture 
of isomers (24; 72 mg, 74%), colorless syrup; 'H-n.m.r. (selected data): (major 
isomer) 6 0.89 (t, 3 H, J 7.0 Hz, CH;), 1.22—1.48 (m, 8 H, 4 CH,), 1.74 (ddd, 1 H, 
Js 24 3-9, Jog 3 7-1, Jog x 13.8 Hz, H-2a), 1.96 (ddd, 1 H, J; », 4.0, Jy, 3 6.6, Jo, > 13.8 
Hz, H-2b), 3.50 (t, 1 H, J34 = J,5 5.7 Hz, H-4), 3.63-3.80 (m, 5 H, H-1,3,6a,6b, 
CHOH) and 3.96 (ddd, 1 H, Js 6, 4.2, J4.5 5.7, Js 6) 6.1 Hz, H-5); (minor isomer) 6 
1.65 (ddd, 1 H, J; 5, 3.2, Jo,.3 5.7, Jog. 13.8 Hz, H-2a), and 2.19 (ddd, 1 H, J 3.9, 
8.2 and 13.8 Hz, H-2b); isomeric ratio, 10:1. 

Oxidation of 24 (31 mg, 0.06 mmol) by use of the procedure for 11 gave, after 
column chromatography (50:1 dichloromethane-ethyl acetate), 27 (23 mg, 73%), 
m.p. 67° (ethanol—water), [a]f?_ +17.5° (c 0.87, chloroform); 'H-N.m.r.: 6 0.87 (t, 
3 H, J 6.8 Hz, CH;), 1.27 (m, 4 H, 2 CH,), 1.56 (m, 2 H, CH,), 1.75 (ddd, 1 H, 
Ji 295-8, Jog 3 10.2, Jog >, 13.1 Hz, H-2a), 2.57 (t, 2H, J 7.4 Hz, CH,CO), 2.59 (ddd, 
1H, J; 2, 3.0, Jz,.3 4.7, Jog 2, 13.1 Hz, H-2e), 3.49 (m, 2 H, H-4,5), 3.64 (ddd, 1 H, 
Ix, 3.4.7, Jz.48.3, Jn,3 10.2 Hz, H-3), 3.73 (m, 2 H, H-6a,6b), and 4.32 (dd, 1 H, J; », 
3.0, J; >, 5.8 Hz, H-1). 

Anal. Calc. for C;,;H,,O;: C, 76.72; H, 7.80. Found: C, 76.92; H, 8.23. 

2-Methyl-1-(3,4,6-tri-O-benzyl-2-deoxy-a-D-arabino-hexopyranosyl)-1-propa- 
none (28). — The general procedure with 6 (155 mg, 0.22 mmol) and isobutyr- 
aldehyde (30 uwL, 0.33 mmol, 1.5 equiv.) gave, after column chromatography (4:1 
dichloromethane-ethyl acetate) 2-methyl-1-(3,4,6-tri-O-benzyl-2-deoxy-a-D- 
arabino-hexopyranosyl)-1-propanol as a mixture of isomers (25; 92 mg, 85%), 
colorless syrup; 'H-n.m.r. (selected data): (major isomer) 6 0.88 (d, 3 H, J 6.7 Hz, 
CH,), 0.98 (d, 3 H, J 6.7 Hz, CH;), 1.70 (m, 1 H, CHMe;), 1.71 (ddd, 1 H, J; », 
4.0, Jy, 3 6.5, Jo, , 13.9 Hz, H-2a), 2.01 (ddd, 1 H, J; » 3.9, J,.3 7-7, Joa2y 13.9 Hz, 
H-2b), 2.43 (bs, 1 H, OH), 3.40 (m, 1 H, CHOH), 3.50 (t, 1 H, J; 4 = J4.5 5.3 Hz), 
3.66 (dd, 1 H, Js 64 4.2, J6a6p 10.2 Hz, H-6a), 3.72-3.88 (m, 3 H, H-1,3,6b), and 
3.99 (m, 1 H, H-5); (minor isomer) 6 1.71 (m, 1 H, H-2a) and 2.22 (ddd, 1 H, J 
4.0, 8.0, and 13.8 Hz, H-2b); isomeric ratio, 10:1. 

Oxidation of 25 (70 mg, 0.14 mmol) by use of the procedure for 11 gave, after 
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column chromatography (50:1 dichloromethane-ethyl acetate), 28 (62 mg, 89%), 
colorless syrup, [a]? +9.5° (c 2.25, dichloromethane); 'H-n.m.r.: 6 1.03 and 1.12 
(2 d, 6H, J 6.9 Hz, 2 CH;), 1.77 (ddd, 1 H, J; 5, 5.9, Jz, ; 10.3, Jz, 2, 13.2 Hz, H-2a), 
2.57 (ddd, 1 H, J; 5, 2.9, Jo,3 4.7, Jog 2, 13.2 Hz, H-2e), 3.12 (h, 1 H, J 6.9 Hz, 
CHMe,), 3.46 (ddd, 1 H, Js ¢, 2.8, Js 64 3.9, J4.5 8.5 Hz, H-5), 3.52 (dd, 1 H, J; , 7.6, 
J, 5 8.5 Hz, H-4), 3.67 (ddd, 1 H, Jz, ; 4.7, J34 7-6, Jz, 10.3 Hz, H-3), 3.73 (m, 2 
H, H-6a,6b), and 4.52 (dd, 1 H, J; 5, 2.9, J; », 5.9 Hz, H-1). 
Anal. Calc. for C,,H,,0;: C, 76.20; H, 7.43. Found: C, 76.34; H, 7.57. 
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PYRANOSYLCYANIDEN  (2,6-ANHYDROALDONONITRILEN) OHNE 
NACHBARGRUPPENBETEILIGUNG. REDUKTION VON 2,6-ANHYDRO- 
1-DESOXY-1-NITROALDITOLEN MIT PHOSPHORTRICHLORID 
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2900 Oldenburg (Bundesrepublik Deutschland) 
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ABSTRACT 


bD-Glucose, D-mannose, and D-galactose gave in two steps the corresponding 
per-O-acetyl-2 ,6-anhydro-1-deoxy-1-nitroheptitols. Treatment with phosphorus tri- 
chloride in pyridine gave directly the corresponding 3,4,5,7-tetra-O-acetyl-2,6- 
anhydroheptononitriles (“glycopyranosyl cyanides”). The same treatment was 
applied to the 3,4,5-tri-O-acetyl-2,6-anhydro-1-deoxy-1-nitrohexitols, prepared 
from D-xylose, D-lyxose, L-arabinose, and D-ribose, and led to the corresponding 
3,4,5-tri-O-acetyl-2,6-anhydrohexononitriles in yields ranging from 65 to 80%. No 
anomerization was observed, thus allowing the preparation, in high yields, of 
cyanides having even the 1,2-cis configuration. The anhydronitriles were compared 
with other known examples of this class of compounds and conformational equilib- 
ria in solution determined by 'H-n.m.r. spectroscopy. A significant anomeric effect 
of the cyano group is doubtful. Instead, a stabilizing effect by the 1,3-diaxial ar- 


rangement of a cyano group and an acetoxy substituent seems to be present. 


ZUSAMMENFASSUNG 


Durch Umsetzung der aus den Hexosen D-Glucose, D-Mannose und D- 
Galactose in zwei Schritten gut zuganglichen acetylierten 2,6-Anhydro-1-desoxy-1- 
nitro-heptitole mit PCI, in Pyridin lassen sich direkt die entsprechenden 3,4,5,7- 
Tetra-O-acetyl-2,6-anhydroheptononitrile (“Glycopyranosylcyanide”) darstellen. 
Ebenso kénnen die aus den Pentosen D-Xylose, D-Lyxose, L-Arabinose und D- 
Ribose erhaltlichen Tri-O-acetyl-2,6-anhydro-1-desoxy-1-nitrohexitole in die 3,4,5- 
Tri-O-acetyl-2,6-anhydrohexononitrile tibergefiihrt werden. Die Ausbeuten liegen 
zwischen 65 und 80%. Da die Reaktion nicht von Anomerisierungen begleitet wird, 
lassen sich somit auch cis-1,2-Cyanide in sehr guter Ausbeute gewinnen. Die darge- 
stellten Anhydroaldononitrile wurden mit anderen bekannten Verbindungen dieser 


*“Korrespondenzautor. 
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Klasse verglichen und insbesondere die Konformerengleichgewichte in Lésung 
durch 'H-n.m.r.-Spektroskopie untersucht. Es ist zweifelhaft, ob die Cyanogruppe 
einen nennenswerten Anomeren Effekt ausiibt, stattdessen scheint ein stabili- 
sierender Effekt durch eine 1,3-diaxiale Anordnung einer Cyanogruppe und eines 
Acetylsubstituenten bewirkt zu werden. 


EINLEITUNG 


Glycosylcyanide stellen eine wichtige Klasse von C-Glycosyl Verbindungen 
dar, die einer Vielfalt weiterer Umsetzungen zuganglich sind'. Lange Zeit be- 
schrankte sich das Interesse vorwiegend auf Furanosylcyanide (2,5-Anhydro- 
aldononitrile) mit B-verkniipften Cyanofunktionen, da diese Verbindungen zur 
Synthese von C-Nucleosiden natiirlicher Herkunft geeignet sind. Die entsprechen- 
den pyranoiden Analoga (2,6-Anhydro-hexono- und -heptononitrile) wurden erst 
seit Beginn der siebziger Jahre intensiver untersucht. 

Die genannten cyclischen Aldononitrile werden bisher iberwiegend durch 
Cyanidisierungsreaktionen am anomeren Zentrum von entsprechend substituierten 
Furanosen und Pyranosen erhalten. Besonders durchgesetzt hat sich die Methode 
von Helferich et al.* (siehe auch Zit. 3-5), bei der ein Glycosylhalogenid mit 
Quecksilbercyanid entweder in der Schmelze oder in einem geeigneten Lésungs- 
mittel wie Acetonitril oder auch Nitromethan behandelt wird. Zum anderen konn- 
ten dann in jiingerer Zeit de las Heras und Fernandes-Resa® sowie Utimoto und 
Horiie’ zeigen, da Trimethylsilylcyanid in Gegenwart einer Lewissaure zur 
Cyanidierung von 1-O-acylsubstituierten furanoiden oder pyranoiden Kohlenhyd- 
raten am anomeren Zentrum geeignet ist. 

Beide Methoden haben jedoch gewichtige Nachteile. Die verwendeten 
Reagenzien sind nicht nur sehr toxisch, sondern es fallen auch cyanidhaltige 
Schwermetallabfalle an, die geordnet beseitigt werden miissen, was hohe Kosten 
verursacht. Daneben zeigen beide Methoden bei nachbargruppenaktiven Substi- 
tuenten vicinal zum anomeren Zentrum eine hohe 1,2-trans-Stereoselektivitat. 
Damit wird durch die Konfiguration an C-2 festgelegt, welches epimere Cyanid 
zuganglich ist. Das alternative Epimere fallt dabei jedoch meist zusatzlich in 
praparativ uninteressanten Mengen als Verunreinigung an. Werden dagegen Sub- 
stituenten verwendet, die keinen solchen EinfluB ausiiben, so wird unselektiv ein 
Gemisch der anomeren Glycosylcyanide erhalten. Bei der Quecksilbercyanid- 
Methode entstehen dariiberhinaus noch die 1,2-O-(1-Cyanoalkyliden)-Produkte, 
wobei letztere haufig das Hauptprodukt stellen. Somit ist in den meisten Fallen 
eine chromatographische Trennung erforderlich. Aus diesen Griinden sind alter- 
native Synthesemethoden von Interesse. Wir fanden, daB die Reduktion von 2,6- 
Anhydro-1-desoxy-1-nitroalditolen hier neue Wege erdffnet, obwohl auch dieses 
Verfahren nicht universell ist. 





GLYCOPYRANOSYLCY ANIDE 


R4 


CH,NO, OAc CH,OAc 
CH,NO, > 4H CH,OAc 
CH,NO, OAc CH,OAc 
CH,NO, OAc H 
CH,NO, > 4H H 
CH,NO, OAc H 
CH,NO, OAc H 
H OAc H 
CN OAc CH,OAc 
CN H CH,OAc 
CN OAc CH,OAc 
CN H CH,OAc 
e ; H CH,OAc 
H CH,OAc 
OAc : CH,OAc 
H CH,OAc 
OAc CH,OAc 


OAc H 
H H 


OAc H 
OAc H 
OAc H 


ERGEBNISSE UND DISKUSSION 


Synthesen. — Durch Nitromethankondensation und anschlieBende Cyclisie- 
rung sind in einfacher Weise und in haufig sehr guter Ausbeute 2,6-Anhydro-1- 
desoxy-1-nitroalditole zuganglich*-'°. In der Regel wird lediglich eines der 
méglichen Epimeren gebildet, und nur in seltenen Fallen wurden zusatzlich fura- 
noide 2,5-Anhydride beobachtet!'!:!2:'4, Wir haben diese Reaktion umfassend unter- 
sucht und berichten tiber diese Ergebnisse an anderer Stelle!’. So sind aus den 
Aldohexosen D-Glucose, D-Mannose und D-Galactose die acetylierten Nitroalditole 
1, 2 und 3 direkt in zwei Schritten erhaltlich. Die Pentosen D-Xylose, D-Lyxose und 
L-Arabinose liefern entsprechend die Verbindungen 4, 5 und 6. Lediglich D-Ribose 
gibt!’ auf diese Weise ein Isomerengemisch von 7 und 8. Derartige acylierte 
Anhydronitroalditole sind hervorragende Edukte, um sie nach der von Wehrli und 
Schaer' fiir aliphatische und aromatische Nitroverbindungen beschriebenen 
Methode mit Phosphortrichlorid zu den Nitrilen zu reduzieren. Die Umsetzung 
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erfolgt mit 1.1 mol Phosphortrichlorid in Pyridin bei Raumtemperatur. So erhalt 
man aus 1 das B-D-Glucopyranosylcyanid? 9, aus 2 das B-D-Mannopyranosylcyanid> 
10 und aus 3 das B-D-Galactopyranosylcyanid? 11. Die sich von den Pentosen 
ableitenden Nitroverbindungen 4, 5, 6 sowie 7 und 8 liefern entsprechend das B-D- 
Xylopyranosylcyanid’ 18, das B-D-Lyxocyanid 19, das a-L-Arabinocyanid’ 20, 
sowie das B-D-Ribocyanid® 21 und das a-D-Ribocyanid 22. Die Ausbeuten liegen 
zwischen 65 und 80%, wobei die meisten Produkte direkt kristallisieren. Neben- 
produkte werden nicht beobachtet. 

Obwohl keine Untersuchungen zum Reaktionsmechanismus vorliegen, 
werden einige plausible Reaktionsschritte diskutiert!’. Der Angriff von P(III) am 
Sauerstoffatom der Nitrogruppe kann zu einem cyclischen Zwischenprodukt A 
fiihren, wobei das Stickstoffatom formal auf die Nitrosostufe reduziert wird. Die 
Abspaltung von Hydrogenchlorid ergibt einen Oximphosphatester B, der nach- 
folgend sofort weiter Phosphorsaure-dichlorid zum Nitril eliminiert (Schema 1). 


Schema 1. 


Die Reaktionsprodukte zeichnen sich durch das Fehlen der Nitro-Bande bei 


1540-1570 cm™~! im i.r.-Spektrum aus. ErwartungsgemaB wird aber auch keine 
Nitril-Bande beobachtet'®. Sehr leicht k6nnen die Reaktionsprodukte als Cyanide 
jedoch aufgrund ihrer °C-n.m.r.-Spektren erkannt werden, soweit nicht ein Ver- 
gleich mit bereits publizierten anderen physikalischen Daten beschriebener Verbin- 
dungen zu einer eindeutigen Produktidentifizierung fihrt. Man findet ein Signal 
bei 6 ~116, das eindeutig dem Cyanokohlenstoffatom in den Glycopyranosyl- 
cyaniden zuzuordnen ist (vergl. Tabelle I). Die Konfiguration an C-2 ergibt sich 
allerdings aus diesen Spektren nicht in einfacher Weise. Hier kOnnen die 'H-n.m.r.- 
Spektren (vergl. Tabelle II) helfen, die nicht nur die Aufklarung der Stereochemie 
an diesem Chiralitatszentrum erlauben, sondern dartiberhinaus wertvolle Aussagen 
liber Vorzugskonformationen in Lésung liefern (s.u.). In allen von uns unter- 
suchten Fallen bleibt die Konfiguration an C-2, die in der Ausgangsnitroverbindung 
vorlag, bei der Reduktion zum Cyanid erhalten. 

Die direkte Umwandlung von 2,6-Anhydro-1-desoxy-1-nitroalditolen in die 
entsprechenden Glycopyranosylcyanide mu somit als interessante Erganzung der 
bereits bekannten Cyanidierungsmethoden von Kohlenhydraten angesehen 
werden. Es treten nicht nur keine Nebenprodukte auf, so daB auf chromato- 
graphische Trennung verzichtet werden kann, sondern es ist auch mdglich bei Vor- 
liegen geeigneter Edukte sogar 1,2-cis-Cyanide, wie z.B. 10, 19 und 22, in hoher 
Ausbeute zu erhalten, was die anderen bisher bekannten Verfahren ausschlieBen. 
Zu Vergleichszwecken wurden im Zusammenhang mit dieser Arbeit nach der Tri- 























TABELLE I 


13C-N_M.R.-SIGNALE? (8) DARGESTELLTER 2,6-ANHYDROALDONONITRILE 9-11, 13 











Verbindung CN C-2 bis C-6 C-7 
y 115.9 77.0: 73.3; 69.8; 68.4; 66.4 62.4 
10 115.5 77.2: 71.1; 68.9; 67.2; 65.9 62.8 
11 116.2 76.1: 71.4; 68.2; 67.1; 66.9 62.3 
13 115.6 70.6: 69.4: 66.7; 65.2; 64.4 62.7 
14 116.0 70.5: 66.7: 66.1; 65.6; 64.9 62.9 
18 116.1 71.2; 69.3; 68.8; 65.5(2) 

19 116.1 68.0: 67.6; 66.7; 65.2; 65.1 

20 116.3 70.3; 68.2; 67.7(2); 66.8 

21 116.5 68.5: 67.3: 66.4; 64.8; 64.7 

22 116.4 67.4: 66.6; 66.3; 64.3; 63.3 


4Me,Si interner Standard; alle Messungen bei 20.1 MHz fiir (7H,)Acetonlésun 





1, 13, 14, 18-22 
C=O 


170.8; 170.3; 
169.6; 169.6 

: 170.8(2); 
170.2(2) 
170.7(2); 
170.2; 169.7 
170.7; 169.9; 
169.8; 169.6 
170.8; 170.3; 
169.8; 169.1 
170.1(2); 169.6 
170.2(2); 170.1 
170.5(2); 170.2 
170.0; 169.6(2) 
170.2(2); 169.8 


sungen. 


CH, 


20.4(3); 20.3 


20.5(2); 20.4(2) 


20.4 
20.5 
20.7; 20.6(3) 


20.5(2); 20.3 
20.6(2); 20.3 
20.7; 20.6(2) 
20.4 

20.5; 20.3(2) 


Anmerkung 


vergl. Zit. 5 
vergl. Zit. 5 


vergl. Zit. 5 


vergl. Zit. 18 


p-Enantiomer Zit. 18 


vergl. Zit. 6 
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TABELLE II 


'H-N.M.R.-SIGNALE (5) VON 2,6-ANHYDRO-ALDONONITRILEN® 


Verbindung 


10 


12 


13 


Lésungs- 


mittel 


CDCl, 


C.D, 


CDCI, 


C.D¢ 


CDCl, 


C 6D 


CDCI, 


CDCl, 


C.D, 


H-2 

4.33(d) 
J, 410.1 
3.49(d) 
J, 59.7 
4.59(d) 
J,,1.4 
3.35(d) 
J,,1.4 
4.30(d) 
J, 10.1 
3.99(d) 


J, 410.2 


4.66(d) 
J, 31.6 


4.81(dd) 
J, 1.4; 
J, ,0.8 
4.36(bs) 
J,31.5 


H-3 H-4 
5.32(t) 5.18(t) 
J449.3 J,<9.3 
5.4+4.9(m) 
5.62(dd) 5.05(dd) 
J, 43.4 J, 10.0 
5.44(dd) 4.89(dd) 
J343.4 J,5 10.2 
5.54(t) 5.01(dd) 
J, 10.2 J453.3 
5.66(t) 5.01(dd) 
J,,10.2 J453.3 
5.49(bs) 5.12(t) 
J, 43.7 JIa3.] 
5.00(dd) 5.31(dt) 
J; 43.7 J,53.0 
4.99(dd) 5.59(dt) 
J, 43.7 J453.1 


5.26(t) 
I, 9.9 


5.46(t) 
5.44(dd) 
Jagi.t 
5.41(dd) 
J5.1.2 


5.32(d) 
Se 6 1.6 


5.11(dd) 
Jg69.2 


5.36(dd) 
I< 69.7 








3.72(ddd) 
J,44.8; 
Jg72.3 
3.00(m) 
J,75.0; 
J42.4 


3.70(ddd) 
J675.-7; 
Ig 2.4 
3.09(ddd) 
J674.8; 
can 


3.95(dt) 
J 6.4; 
J67 6.4 
3.63(dt) 
J 6.7 6.8; 
J 576.8 


3.97(bt) 
J,46.2; 
V7 6.2 


4.1-4.5(mb) 


3.9-4.5(m) 





4.24(dd) 4.15(dd) 
J, 12.8 
4.14(dd) 3.88(dd) 
Jax 120 
4.26(dd) 4.17(dd) 
J,+ 12.6 
4.25(dd) 3.96(dd) 
J 12.5 
4.1(m) 
4.0(m) 
4.2(m) 
4.1-4.5(m) 
3.9-4.5(m) 








2.03; 2.04; 


2.11(6H) 


1.64(9H); 


Nm NO 


2.01; 2.08; 


2.16; 


1.99: 
aa 


Nm 


1.40; 1.65(6H); 


1.83 


5 


“ 


Nm N 


.23 


1S 


04: 


1.70 


* 








‘d 
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16 


17 


18 


19 


20 


CDCl, 


CDCI, 


CDCl, 


CDCl, 


CDCl, 


C.D, 


CDCl, 


C.D, 


4.40(ds) 
J, ,1.8; 


4.91(d) 


wn 


.18(d) 
335.6 


Sy 


4.50(d) 


3.66(d) 
J, 8.0 


4.83(d) 


3.92(d) 
J, 44.8 


4.49(d) 
J, 55.9 


3.65(d) 
J,37.2 


4.90(m) 





5.05(m) 


4.9(m) 5.20(dt) 
J, 43.4 J,53.4 
5.03(dd) 5.46(t) 
J,,9.8 J,59.6 
5.43(dd) 5.37(dd) 
J, 43.0 J, 59.5 
5 .25(dd) 5.31(dd) 
J, , 10.6 J452.9 
5.0-5.2(m) 
5.0—5.2(m) 
5.2—5.4(m) 
5.2—5.4(m) 
JIq¢5.2 
5.1-—5.4(m) 
5.46(t) 4.96(dd) 
J441.2 J453.2 





5.09(t) 
I,.9.8 


5.31(t) 
J 9.4 


5.53(dd) 
hn 8.3 


4.92(m) 
J 4.0; 
Iq «7.0 
4.75(m) 


J5 5.8; 
J. 3.6 
5.10(ddd) 
I< 44.1; 
Jeu a0 


= 














4.75(ddd) 
J77.0; 
J675.0 
4.45(ddd) 
J 56.8; 
J675.6 


4.11(ddd) 
J44.3; 


yy» 4 
Sas 


4.09(dd) 
Jg72.3; 
Ig7 5.3 


4.31(dt) 
J.76.3; 
J7 6.3 


4.24(dd) 
is 


3.74(dd) 
Ig 12.1 


3.90(dd) 
Jew ia 


6.6 


4.11(dd) 


D« 
J66 12.5 


3.58(dd) 
Je6 12.6 


3.60(dd) 


2.83(dd) 


3.81(dd) 


3.28(dd) 


3.75(dd) 


2.86(dd) 


4.1-4.3(m) 


4.0-4.2(m) 


| 3 


4.32(dd) 
J54 12.7 


4.32(dd) 
J,+4 12.6 


13.0 


4.16(dd) 


4.17(dd) 


4.13(m) 


Nm bh 


th 


nN 


nN 


_— 


.05: 


Nm NO 


.40; 1.55; 
59: 1.64 


NN 
oR 


10; 


03: 


12: 


ms 


Nm NM 
tY 


.02; 2.07; 


15 


.10; 2.15 


.16; 2.21(6H) 


.56(6H); 1.72 


a 


Wa 


A) 


vergl. 18 


vergl. 18 
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TABELLE II (Fortsetzung) 


Verbindung Lésungs- H-2 
mittel 
21 CDCl, 4.56(d) 
ith 


C.D, 4.03(d) 
J, 9.0 


4.86(d) 
J, 45.9 


22 CDCI, 


C.D, 4.22(d) 
5 


“Me,Si als innerer Standard und Kopplungskonstanten J in Hz. 


H-3 


5.13(dd) 
J, 42.9 


5.03(dd) 
Jy 42.8 
5.08(dd) 
Jy 42.8 


5.73(dd) 
4.38 


5.62(bt) 
J452.9 


5.61(bt) 
J,52.8 


5.30(bt) 
J 452.8; 
J, 0.8 





H-5 


5.07(ddd) 
Js 4.9; 
J5¢9.0 
4.73(ddd) 
Js 5.0; 


Ig 69.3 


5.02(ddd) 
J; 9.0; 
J; 6.0 
4.78(ddd) 
Js 9.6; 
J5 65.0 


J 
















3.99(dd) 3.56(dd) 


Jeg 11.5 15 

) 3.56(ddd) 3.19(dd) 1.53; 1.58; 
Jeg 11.5 1.65 

) 4.04(dd) 3.85(dd) 2.11; 2.15 
Jeo 11.5 2.24 

1) 3.88(dd)  3.46(ddd) 1.63; 1.68; 
Jee 11.4 1.95 


d 
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methylsilylcyanidmethode® die bisher nicht beschriebenen a-D-Cyanide 13 und 14 
der D-Altro- und der D-Idopyranose dargestellt. 

Konformation von Glycopyranosylcyaniden. — Die bekannten und in der 
vorliegenden Arbeit erstmals beschriebenen 2,6-Anhydroaldononitrile ermég- 
lichen eine umfassende Untersuchung der in L6sung eingenommenen Vorzugskon- 
formationen anhand der 'H-n.m.r.-Daten (vergl. Tabelle II). Interessant ist in 
diesem Zusammenhang die Frage, ob die Cyanogruppe als Pseudohalogenid evtl. 
einen Anomeren Effekt'’ zeigt. Da in derartigen Fallen haufig ein starker Lésungs- 
mitteleinfluB beobachtet werden kann, wurden die Spektren sowohl in (*H)- 
Chloroform- als auch (7H,)Benzollésungen aufgenommen. 

2,6-Anhydroheptononitrile. Die Hydroxymethylgruppe bevorzugt in den 
Hexopyranosen aus sterischen Griinden meist die equatoriale Position, so daB 
diese meist in der 4C,(D)-Konformation vorliegen”’. Gleiche Verhaltnisse sind auch 
bei den untersuchten B-D-Glycopyranosylcyaniden gegeben. Hier finden sich so- 
wohl die Cyano- als auch die Hydroxymethylgruppe in equatorialer Position, wenn 
die Verbindung eine °C,(D)-Konformation einnimmt. Im gluco-Isomer 9 bedeutet 
dies eine all-equatoriale Anordnung der Substituenten. Die Kopplungskonstanten 
der Ringprotonen zeigen entsprechend Werte um 10 Hz. Im galacto-Isomer 11 
werden ebenfalls Kopplungskonstanten gefunden, die mit der °C,(D)-Konforma- 
tion ubereinstimmen (J,, = J;, 10 Hz; J;, 1.2 Hz). Das gleiche gilt auch fiir das 
B-D-manno-Cyanid 10 (J, , 1.4 Hz; J,; = J; 10 Hz). Probleme bereitet lediglich 
die B-D-talo-Verbindung 12, deren 'H-n.m.r.-Spektrum in der Literatur be- 
schrieben wurde!’. Wie der Tabelle II zu entnehmen ist, zeigen B-D-Hexo- 
pyranosylcyanide eine Chemische Verschiebung ftir das anomere Proton, die im 
Bereich von 6 4.3-4.6 (CDCI) liegt. Fiir 12 wurde aber 6 5.32 angegeben. Auch 
die entsprechende Kopplungskonstante J, , 3.7 Hz erscheint mit der vorliegenden 
Konfiguration unvereinbar. Im B-D-manno-Isomer 10, das an C-2 und C-3 die 
gleiche Konfiguration besitzt, wird nur eine Kopplungskonstante J,, 1.4 Hz 
beobachtet. Diese Uberlegungen fiihrten dazu, daB die Interpretation des 
Spektrums korrigiert werden muB. Die in Tabelle II enthaltene Neuzuordnung der 
MeBdaten”’ erklart zwanglos auch fiir 12 eine °C,(D)-Konformation. Die méglicher- 
weise im berichteten Signal 6 5.49 (bs) enthaltene Fernkopplung J, ; ware hiermit 
gleichermafen sehr gut vereinbar. 

In den sich von D-Glucose, D-Mannose und D-Galactose ableitenden a- 
Cyaniden? 15, 16 und 17 werden Kopplungskonstanten gefunden, die ebenfalls mit 
einer equatorialen Anordnung der Acetoxymethylgruppe, und in diesen Fallen, 
axialen des Cyanosubstituenten vereinbar sind. Auch diese Verbindungen liegen 
also in der °C,(D)-Konformation vor. Auffallend ist allerdings die groBe 
Kopplungskonstante J, , von 6.2 bzw. 5.6 Hz in den Cyaniden 15 und 17 mit e,a- 
Anordnung der Substituenten in 2,3-Stellung, die aber bei Beriicksichtigung elek- 
tronischer Effekte verstandlich sein sollte*!. Das altro-Isomer 13 zeigt Kopplungs- 
konstanten von J; 9.7, J,; 1.4 und J, , 0.8 Hz, ebenfalls in Einklang mit vorge- 
nannter Konformation. Auch die fiir 14 gemessenen Spektrenparameter stehen in 
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guter Ubereinstimmung mit a-D-ido-Derivativen, die aufgrund von O-1-Substi- 
tuenten mit starkem Anomeren Effekt ausschlieBlich in der *C,(D)-Konformation 
auftreten22. Somit liegt auch 14 hauptsachlich in der analogen °C,(D)-Konformation 
vor. Die Untersuchungen aus der Idose-Reihe**, wo bei Substituenten mit 
schwachem Anomeren Effekt ein Gleichgewicht der alternativen Sesselkonforma- 
tionen 'C,(D) und 4C,(D) gefunden wird, wobei 'C,(D) sogar haufig tiberwiegt, 
lassen insbesondere aufgrund der fiir 14 gemessenen Daten einen ausgepragten 
Anomeren Effekt!? der Cyanogruppe vermuten. Alternativ mu jedoch auch eine 
Stabilisierung der °C,(D)-Konformation in 14 tiber giinstige Wechselwirkungen 
zwischen der axialen Cyanogruppe und einer axialen Acetylgruppe in 3-Stellung 
diskutiert werden (s.u.). 

2,6-Anhydrohexononitrile. Diesen Verbindungen fehlt der konformations- 
stabiliserende Einflu8 der Acetoxymethylgruppe. Somit ist hier eine hdhere 
konformative Flexibilitat zu erwarten und der Einflu8 der Cyanogruppe auf die 
Konformation sollte starker zutage treten als bei den vorstehend behandelten 
Heptononitrilen. Alle bekannten Verbindungen dieser Klasse wurden in die Unter- 
suchungen einbezogen. 

Das konformative Gleichgewicht wurde aus den Kopplungskonstanten J, ; in 
iiblicher Weise berechnet”’. Es wurde lediglich ein Gleichgewicht der alternativen 
Sesselkonformationen 7C,(D) und °C,(D) zugrunde gelegt. Andere Konformere 
wurden bei diesen Uberlegungen nicht beriicksichtigt. Die idealen Kopplungs- 
konstanten wurden aus den 2,6-Anhydroheptononitrilen 9-17 abgeleitet. Dabei 
wurden folgende Werte ausgewahlt: J, , 1.4 Hz (aus 13); J, , 10 Hz (aus 9 und 11); 
J, 6.2 Hz (aus 15) und J, 1.4 Hz (aus 10). Die Ergebnisse dieser Berechnungen 
finden sich in Tabelle III. Alle weiteren auftretenden Kopplungskonstanten 
k6énnen zwanglos ebenfalls mit diesen Konformationsgleichgewichten erklart 
werden. Nur im Falle des a-L-Arabinopyranosylcyanides 20 findet sich eine 
signifikante Abhangigkeit des Konformerengleichgewichtes von den verwendeten 


TABELLE III 


KONFORMERENGLEICHGEWICHTE DER 2,6-ANHYDROHEXONONITRILE 








Verbindung (Konfigurations Konformer (%) Loésungsmittel 
bezeichnungen beziehen sich ee ist ae ete tee re 
auf Glycosylcyanidnomenklatur) *C,(D) 2C.(D) 
B-b-xylo (18) 77 23 C.D, 
B-b-lyxo (19) 29 71 C.D, 
B-b-ribo (21) 89 11 C.D, 
a-D-ribo (22) 94 6 C.D, 
a-D-arabino'® 43 57 CDCI, 

°C5(L) °C(L) 
a-L-arabino (20) 48 52 CDCl, 


a-L-arabino (20) 33 67 C.D, 
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Lésungsmitteln. Alle anderen Beispiele zeigen annahernd die gleichen Kopplungs- 
konstanten und damit die gleichen Konformeren gleichgewichte in (*H)Chloroform 
und (7H,)Benzol. Fiir das Benzoylanalogon des B-D-Ribocyanids 21 wurde jedoch 
ebenfalls eine gewisse Lésungsmittelabhangigkeit der Konformerengleichgewichte 
berichtet”*. 

Auch hier fallt es schwer, Aussagen tiber einen mdglichen Anomeren 
Effekt'? der Cyanogruppe zu machen, bzw. dessen GréBe abzuschatzen. Auffallig 
ist aber, daB Konformationen mit einer 1,3-diaxialen Wechselwirkung zwischen 
einer Acetoxygruppe und einer Cyanogruppe scheinbar bevorzugt werden. So 
liegen 22 (“a-D-ribo”) und 19 (“B-D-lyxo”), wie auch schon die Derivative 13 und 
14, tiberwiegend in derjenigen Konformation vor, die diese 1,3-diaxiale Wechsel- 
wirkungen erlaubt. Noch deutlicher tritt der mégliche stabilisierende EinfluB einer 
1,3-diaxialen Wechselwirkung zwischen OAc und CN im Vergleich der B-D-xylo- 
und B-D-ribo-Derivative 18 und 21 zutage. Verbindung 21 kann in keiner Konfor- 
mation 1,3-diaxiale Wechselwirkungen zwischen OAc und CN ausbilden. Dagegen 
ist 18 in der *C,(D)-Konformation dazu befahigt. Die *C,(D)-Konformation von 18 
fiihrt demgegeniiber zu einer all-equatorialen Anordnung der groBen Sub- 
stituenten, und sollte somit die energetisch weitaus giinstigste Anordnung dar- 
stellen. Dennoch findet man ein Konformerenverhaltnis °C,(D) zu *C,(D) von 4:1 
in 18. Dieses Ergebnis kénnte durch einen starken Anomeren Effekt in der 
GroBenordnung der Acetoxygruppe erklart werden, der die all-axiale 7C,(D)-Kon- 
formation stabilisiert, wie dies bei 1,2,3,4-Tetra-O-acetyl-B-D-xylopyranose?!*4 
(*C,:'C, = 7:3) beobachtet wird. Hat die Cyanogruppe tatsachlich jedoch einen 
Anomeren Effekt, der in der Gr6Benordnung dessen der Acetoxygruppe liegt, so 
sollte man im B-D-ribo-Derivat 21 eine ahnliche Konformerenverteilung wie bei 
1,2,3,4-Tetra-O-acetyl-B-D-ribopyranose (4C,:'C, = 2:3) erwarten*®. Dies ist 
jedoch nicht der Fall. Man findet stattdessen ein Verhaltnis von 9:1 zugunsten der 
°C,(D)-Konformation. Dies bedeutet aber, daB die Cyanogruppe keinen Anomeren 
Effekt besitzt, dessen GréBe dem der Acetoxygruppe auch nur anndhernd gleich- 
kommt. Stattdessen scheinen mdgliche syn-diaxiale Anordnungen von anomerer 
Cyanogruppe und Acetoxysubstituent in 3-Stellung gleichgewichtsbestimmend zu 
sein. 

Uber die Art einer Stabilisierung, die eine Konformation mit 1,3-diaxialen 
Wechselwirkung zwischen einer Acetoxy- und Cyanogruppe eventuell erfahren 
kann, kann nur spekuliert werden. Vielleicht spielen elektronische Effekte eine 
Rolle und es bildet sich ein Charge—Transfer-Komplex zwischen dem Nitril und der 
Acetoxygruppe aus. Hinweise dazu liefert ebenfalls das 'H-n.m.r.-Spektrum dieser 
Verbindungen. Eine Ubertragung von Elektronendichte der Carbonylgruppe auf 
die Nitrilgruppe mtiBte zu einer relativen Positivierung des Carbonylkohlenstoff- 
atoms ftihren. Dieser Effekt k6nnte an einer geringen Tieffeldverschiebung der 
Acetatmethylgruppe im 'H-n.m.r.-Spektrum beobachtet werden. Die Ausbildung 
eines Acetoxoniumions fiihrt z.B. zu einer Tieffeldverschiebung des Methylsignals 
um ~1 p.p.m. Bei 22 und 19 findet man die Tieffeldverschiebung eines Acetyl- 
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signales um ~0.2 p.p.m. auf 6 1.95 bzw. 1.84 fiir eine Lésung in (*H,)Benzol. Ein 
ahnlicher Effekt tritt bei 13 auf. Nur im D-ido-Derivat 14 ist dies nicht zu beob- 
achten. Diese geringe Tieffeldverschiebung k6nnte tatsachlich durch einen 
Charge—Transfer-Komplex zwischen einer Carbonyloxygruppe und einer Cyano- 
gruppe verursacht werden. Derartige Effekte wurden auch bereits friiher in 
anderen Fallen diskutiert”. 

Berechnet man die sterischen Effekte in den alternativen Sesselkonforma- 
tionen unter Zugrundelegung eines tiblicherweise benutzten Parametersatzes*’ und 
fiihrt lediglich einen neuen Energieterm fiir eine 1,3-diaxiale Wechselwirkung 
zwischen CN und H von 1.3 kJ/mol ein, errechnet sich eine Stabilisierungsenergie 
in der GréBenordnung von 4 kJ/mol. Sie ist bei Abschaétzung der Konformeren- 
gleichgewichte von 18, 19, 20 und 22 zu beriicksichtigen, nicht jedoch bei 21. Natiir- 
lich ist das vorhandene Datenmaterial zu diirftig, um eine solche Hypothese 
belegen zu k6nnen, doch scheint es sinnvoll, diesem Effekt weitere Unter- 


suchungen zu widmen. 
EXPERIMENTELLER TEIL 


Allgemeine Methoden. — Die angegebenen Schmp. sind nicht korrigiert. 
Drehwerte wurden in einer 10 cm-Kiivette mit einem Perkin—Elmer-Polarimeter 
Modell 241 MC bestimmt und n.m.r.-Spektren mit einem Bruker WP 80 Spectro- 
meter. Alle Reaktionen wurden diinnschichtchromatographisch an Kieselgel 
(Merck) verfolgt. Saulenchromatographie: Kieselgel 60 (Merck). 

Allgemeine Arbeitsvorschrift (AAV) (A). — Vollstandig acetyliertes 2,6- 
Anhydro-1-desoxy-1-nitroalditol (1 mmol) wird in abs. Pyridin (3 mL) gelést, im 
Eisbad gekuthit und in der Kalte mit PCI, (1.1 mmol) versetzt und dann 16 h bei 
Raumtemperatur geriihrt. Die Lésung wird auf eisgektihlte M HCl (20 mL) ge- 
gossen, 20 min gertihrt und dreimal (je 10 mL) mit Chloroform extrahiert. Die 
organische Phase wird zweimal mit NaHCO,-Lésung, dann mit Wasser gewaschen. 
Nach Trocknen der organischen Phase (MgSO,) und Einengen erhalt man das reine 
Glycosylcyanid. 

Allgemeine Arbeitsvorschrift (AAV) (B). — Die Vorschrift von de las Heras 
und Fernandes-Resa® zur Cyanidierung von Kohlenhydraten mit Trimethylsilyl- 
cyanid*® (Me,SiCN) wurde unter folgenden Modifikationen tiibernommen: (a) Es 
wurde unter Inertgasatmosphare gearbeitet. (b) Nach 24 h Rihren wurde weiteres 
Me,SiCN und BF,-OEt, zugesetzt und weitere 16-18 h gerthrt. Aufarbeitung 
erfolgte wie beschrieben?®. 

3,4,5,7-Tetra-Q-acetyl-2,6-anhydro-D-glycero-D-gulo-heptononitril (9). — 
(a). Umsetzung von 1,2,3,4,6-Penta-O-acetyl-a-D-glucopyranose (1 g, 2.56 mmol; 
Sigma Katalog-Nr. G-5125) gemaB AAV (B) fiihrt zu Cyanid 9 (0.40 g, 45%). (5). 
Umsetzung von 1,2,3,4,6-Penta-O-acetyl-B-D-glucopyranose (1 g, 2.56 mmol; 
Sigma Katalog-Nr. G-5175) gemaB AAV (B) fiihrt zu Cyanid 9 (0.36 g, 40%). (c) 
3,4,5,7-Tetra-O-acetyl-2,6-anhydro-1-desoxy-1-nitro-D-glycero-D-gulo-heptitol?’ 
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(0.39 g, 1 mmol) wird gemaB AAV (A) umgesetzt und fiihrt zu Cyanid 9 (0.26 g, 
73%), Schmp. 113—114°, [a]§° +9.4° (c 0.9, Chloroform); Lit.° Schmp. 114—-115°, 
[a]A° +10.7° (c 3.3, Chloroform). 

Anal. Ber. fiir C,;;H,gNO, (357.3): C, 50.42; H, 5.36; N, 3.92. Gef.: C, 50.52; 
H, 5.39; N, 3.79. 

3,4,5,7-Tetra-O-acetyl-2,6-anhydro-D-glycero-D-galacto-heptononitril (10). — 
3,4,5,7-Tetra-O-acetyl-2 ,6-anhydro-1-desoxy-1-nitro-D-glycero-D-galacto-heptitol*® 
(0.39 g, 1 mmol) wird gemaB AAV (A) umgesetzt und fiihrt zu Cyanid 10 (0.23 g, 
64%), Schmp. 141-142°, [a]4° —20.4° (c 0.8, Chloroform); Lit.° Schmp. 143-144°, 
[a]A° —20.9° (c 3.8, Chloroform). 

Anal. Ber. fiir C,;;H;gNO, (357.3): C, 50.42; H, 5.36; N, 3.92. Gef.: C, 50.35; 
H, 5.34; N, 3.89. 

3,4,5,7-Tetra-O-acetyl-2,6-anhydro-D-glycero-L-manno-heptononitril (11). — 
3,4,5,7-Tetra-O-acetyl-2 ,6-anhydro-1-desoxy-1-nitro-D-glycero-L-manno-heptitol'! 
(0.39 g, 1 mmol) wird gemaB AAV (A) umgesetzt und fiihrt zu Cyanid 11 (0.28 g, 
78%), Schmp. 167-168°, [a]° +32.1° (c 1.4, Chloroform); Lit.° Schmp. 167—168°, 
[a]p° +32.1° (c 0.6, Chloroform). 

Anal. Ber. fiir C,;;H,gNO, (357.3): C, 50.42; H, 5.36; N, 3.92. Gef.: C, 50.48; 
H, 5.27; N, 3.83. 

3,4,5,7-Tetra-Q-acetyl-2,6-anhydro-D-glycero-D-manno-heptononitril (13). — 
1,2,3,4,6-Penta-O-acetyl-a-D-altropyranose”? (1 g, 2.56 mmol) wird gemaB AAV 
(B) umgesetzt und ergibt Cyanid 13 (0.55 g, 62%), Schmp. 46—47°, [a]A° +43.1° (c 
5.8, Chloroform). 

Anal. Ber. fiir C,;H,;,NO, (357.3): C, 50.42; H, 5.36; N, 3.92. Gef.: C, 50.35; 
H, 5.40; N, 3.85. 

3,4,5,7-Tetra-O-acetyl-2,6-anhydro-D-glycero-L-gulo-heptononitril (14). — 
1,2,3,4,6-Penta-O-acetyl-a-D-idopyranose™ (1 g, 2.56 mmol) wird gemaB AAV (B) 
umgesetzt und ergibt Cyanid 14 (73%), Schmp. 119-120°, [a]%° +34.6° (c 2.5, 
Chloroform). 

Anal. Ber. fiir C,;;H,)NO, (357.3): C, 50.42; H, 5.36; N, 3.92. Gef.: C, 50.44; 
H, 5.39; N, 3.87. 

3,4,5-Tri-O-acetyl-2,6-anhydro-D-gulononitril (18). — 3,4,5-Tri-O-acetyl-2 ,6- 
anhydro-1-desoxy-1-nitro-D-gulitol'? (0.32 g, 1 mmol) wird gemaB AAV (A) umge- 
setzt und fiihrt zu Cyanid 18 (0.22 g, 72%), Schmp. 132-133°, [a]f° —57.9° (c 0.8, 
Chloroform); Lit.? Schmp. 133°, [a]§° —57.9° (c 2.4, Chloroform). 

Anal. Ber. fiir C,,H,;NO, (285.3): C, 50.52; H, 5.30; N, 4.91. Gef.: C, 50.49; 
H, 5.31; N, 4.83. 

3,4,5-Tri-O-acetyl-2,6-anhydro-D-galactononitril (19). — 3,4,5-Tri-O-acety]l- 
2,6-anhydro-1-desoxy-1-nitro-D-galactitol'’ (0.32 g, 1 mmol) wird gema4B AAV (A) 
umgesetzt und fiihrt zu sirup6sem Cyanid 19 (0.214 g, 75%), [a]§° —125.2° (c 0.8, 
Chloroform). 

Anal. Ber. fiir C,,H,;NO, (285.3): C, 50.52; H, 5.30; N, 4.91. Gef.: C, 50.57; 
H, 5.33; N, 4.84. 
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3,4,5-Tri-O-acetyl-2,6-anhydro-L-mannononitril (20). — 3,4,5-Tri-O-acetyl- 
2,6-anhydro-1-desoxy-1-nitro-L-mannitol®:!3 (0.32 g, 1 mmol) wird gem4B AAV (A) 
umgesetzt und fiihrt zu Cyanid 20 (0.197 g, 69%), Schmp. 131°, [a]%° +6.5° (c 0.8, 
Chloroform); Lit.° (p-Enantiomer) Schmp. 137°, [a],° —S° (Chloroform). 

Anal. Ber. fiir C,,H,;NO,; (285.3): C, 50.52; H, 5.30; N, 4.91. Gef.: C, 50.48; 
H, 5.27; N, 4.93. 

3,4,5-Tri-O-acetyl-2,6-anhydro-D-allononitril (21). — 3,4,5-Tri-O-acetyl-2,6- 
anhydro-1-desoxy-1-nitro-D-allitol'’ (0.32 g, 1 mmol) wird gemaB AAV (A) umge- 
setzt und fiihrt zu sirupésem Cyanid 18 (0.205 g, 72%), [a]§° —26.8° (c 0.5, Chloro- 
form); Lit.° [a]4° —18.0° (c 1, Chloroform). 

Anal. Ber. fiir C,,H,;NO, (285.3): C, 50.52; H, 5.30; N, 4.91. Gef.: C, 50.55; 
H, 5.25; N, 4.79. 

3,4,5-Tri-Q-acetyl-2,6-anhydro-D-altrononitril (22). — 3,4,5-Tri-O-acetyl-2,6- 
anhydro-1-desoxy-1-nitro-D-altritol'’ (0.32 g, 1 mmol) werden gem4B AAV (A) 
umgesetzt und fiihren zu Cyanid 22 (0.211 g, 74%), Schmp. 72-73°, [a]i° +93.8° 
(c 0.5, Chloroform). 

Anal. Ber. fiir C,,H,;NO, (285.3): C, 50.52; H, 5.30; N, 4.91. Gef.: C, 50.53; 
H, 5.33; N, 4.87. 
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ABSTRACT 


Lewis acid-catalyzed, hetero Diels-Alder reaction of (£)-1-methoxy-3-tri- 
methylsilyloxy-1,3-butadiene with 6-benzoyloxymethyl-2,4-dibenzyloxy benzal- 
dehyde afforded 2-(6-benzoyloxymethyl-2,4-dibenzyloxyphenyl)-2,3-dihydro-4H- 
pyran-4-one. This was converted into a derivative of papulacandin D by a stereo- 
specific, spiroacetalization of a C-1 methoxylated aryl glycoside, |3,5-dibenzoyloxy- 
(methyl 3-O-acetyl-4,6-di-O-benzoyl-DL-glucopyranosid-1l-yl)phenyl]methyl ben- 


zoate. 
INTRODUCTION 


Papulacandins A—D are antibiotics which were isolated from a strain of 
Papularia sphaerosperma'. The papulacandins inhibit the biosynthesis of a D-giucan 
in yeast spheroplasts. The mechanism of action of papulacandins B in the fungus 
Geotrichum lactus has been traced to its inhibition of the enzyme (1-—3)-6-p- 
glucansynthase’. The four antibiotics share several structural themes. A common 
feature is the spiroacetal type of engagement of a D-glucose residue with 5-hydroxy- 
methyl resorcinol. The C-B-glycosyl bond joining the D-glucosyl residue to OH-4 of 
the resorcinol residue is a most provocative challenge from the synthetic 
standpoint’. 

Another common feature is the presence of a long-chain fatty acyl group at 
OH-3 of the D-glucose residue. The presence of this type of group is apparently 
crucial to biological activity. In the A, B, and C isomers, the OH-4 of the D-glucose 
residue is also linked to a B-D-galactopyranosyl group, OH-6 of which is acylated 
with a “short” [C,C(O)] trienoyl residue. The D-galactosyl and “short” acyl groups 
are apparently not crucial for enzymic inhibition, but might well play a role in 
promoting transport to the active system’. The configurations of the stereogenic 
centers within the long acyl chain are not known in either the absolute or the 


“This research was supported by PHS Grant HL-25848. 
‘For an example of a synthesis of an arylated glycoside, see ref. 3. 
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relative sense. These uncertainties further complicate the goal of a total synthesis 
of any of the “intact” antibiotics. 

We have engaged in various studies directed towards the synthesis of complex 
monosaccharides*». Many of these compounds possess antibiotic activity and per- 
form important bioregulatory missions. As part of this program, we have initiated 
some synthetic investigations in the papulacandin area. In this report, we describe 
a fully synthetic route to the desheptadecanoyl monosaccharide version of 
papulacandin D, characterized as its hexaacetyl derivative 28. 

An obvious route to the papulacandins would involve coupling of a suitably 
protected derivative of D-glucose, such as 1, with a suitably protected organo- 
metallic compound 2. The challenges in such an approach would lie in developing 
good accesses to the subunits, and in achieving the coupling of the extensively 
functionalized and possibly hindered components. Of course, the precise nature of 
X and even the oxidation level of the formal structure 1 are deliberately left un- 
specified. Some early explorations of such an approach were not encouraging”. 


Po” Y 7 


xidation 4 Papulacandin 0;R = H 


Deprotection, 5 Papulacandins A,B,C;R = X 
Spiroacetalization 


P = Protecting 
groups 


(R = Ca) 
in — Ug) 


“The aromatic moiety has been metallated and treated with carbon dioxide®. Attempts at reacting the 
aryllithium moiety with pertrimethylalylated glucunolactone gave starting material. Some other 
potential approaches which were not followed are implied in the work of Eade and Pham’. 
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The approach which we decided to follow was radically different in that it 
contemplated fashioning, by total synthesis, a dihydropyrone of the type 8. System 
8 would be transformed to an intermediate such as 9. Oxidation of the double bond 
(in the desired stereochemical sense at C-2), followed by unveiling of the benzyl 
alcohol in the aromatic segment, would set the stage for spiroacetalization to 
produce 9*. The plan relied on the supposition that the stereochemical result of the 
spiroacetalization would be governed, at least at the thermodynamic level, by the 
anomeric effect’. In this way, the configuration at C-1 would conform to that 
required. Another central element of the projected route was the expectation that 
the dihydropyrone 8 would be accessible via a Lewis acid-catalyzed, hetero Diels— 
Alder reaction of a suitable benzaldehyde derivative 7 with the parent trans-1- 
methoxy-3-trimethylsilyloxydiene (6). The first phase of our inquiry concerned 
itself with the preparation of the required benzaldehyde and with the hetero Diels— 
Alder reaction’. 


RESULTS AND DISCUSSION 


Commercially available 3,5-dihydroxybenzoic acid was converted into the 
methyl ester 10. Bisbenzylation afforded 11, which upon reduction with lithium 
aluminum hydride gave rise 12 in 94% yield. Conversion of this compound into its 
benzoate derivative 13 set the stage for introduction of the crucial aldehyde func- 
tion by means of a Villsmeier transformation. The key building block 14 was ob- 
tained in 66% yield. 

Cyclocondensation of 14 with diene 6 occurred under catalysis'!® by Yb(fod),. 
The reaction, which took place at 55° in (*H)chloroform over ~3 days, required 
only ~2 mol of catalyst /100 of the limiting reactant 14. The yield of apparently 
homogeneous pyrone 15, obtained initially as yellow syrup, was 92%. 


OBn 


= CO,Me,R = R° =H 

= CO.Me,R’ = H,R” = Bn 
CH5OH,R’ = H,R” = Bn 
CH,0Bz,R’ = H,R” = Bn 


= CH,0Bz,R' = CHO,R’= Bn 


The product of the treatment of vinylmagnesium bromide in oxolane—di- 
methyl sulfide with cuprous iodide reacted with pyrone 15 to afford, after workup, 
a 70% yield of the tetrahydropyrone 16. The vinyl group was to serve as the 


*For a recent synthesis of phyllanthocin based on a similar stereospecific spiroacetalization, see ref. 8. 
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precursor of the hydroxymethyl function (i.e., C-6 of the C-1 arylated D-glycosyl 
residue). Clearly, it would be advantageous if the kinetically produced enolate 
resulting from the vinylation could be exploited for introduction of the C-4 oxygen 
function. While we have not studied the matter exhaustively, several attempts to 
achieve this result by use of benzoyl peroxide as the direct trapping agent produced 
only modest and irreproducible yields of the corresponding benzoyloxyketone 17*. 
Since we now know that the later steps of the synthesis can, in fact, be executed 
quite efficiently, and since the introduction of this function from the pyranone, in 
the absence of this kinetic predisposition, was far from satisfactory (vide infra), the 
advantages of oxidative trapping of the kinetically produced enolate from the 
vinylation of 15 are, in retrospect, apparent. 

At this juncture, degradation of the vinyl group to the required C-1 fragment 
was undertaken. Oxidation of 16 with osmium tetraoxide—sodium metaperiodate 
produced a very unstable ketoaldehyde, which was immediately treated with 
lithium _ tris(3-ethyl-3-pentyloxyaluminum)hydride’’. The expected selective 
reduction of the aldehyde function was accomplished. Benzoylation of the primary 
alcohol afforded a 59% overall yield of 19. 

The next objective became the installation of the oxygen function at C-4. 
Reaction of ketone 20 with hexamethyldisilazine in the presence of iodotrimethyl- 
silane'* afforded a two-component mixture of what was assumed to be the isomeric 
silylenol ethers 21. This surmise could not be verified, since the gross n.m.r. 
spectral features of the two components of this unresolved mixture are quite 
similar. Rather, the crude material was subjected to the action of 4-chloroperoxy- 
benzoic acid'’. Subsequent treatment with methanol, and then with benzoyl 
chloride in pyridine, afforded the desired benzoyloxyketone 22, though only in 
poor yield. Also isolated from the complex reaction mixture was a comparable 
quantity of an isomeric product of uncertain structure**. 

Treatment of presumed 22 with lithium hexamethyldisilazide, followed by 
quenching of the reaction with chlorotrimethylsilane, gave a silylenol ether which, 
in crude form, was subjeced to the action of palladium(II) acetate in acetonitrile'® 
to give, in 78% yield, enone 23. Reduction, followed by acetylation, afforded the 
pseudoequatorial acetate 25. Oxidation with 3-chloroperoxybenzoic acid in 
methanol gave the methoxyhydrin 26 having the gluco, rather than manno, con- 
figuration at C-2 (ref. 17). 

The final phase of the synthesis began with cleavage of all the acyl groups 
(with methanolic sodium hydroxide). Treatment of the presumed compound 27 
with methanolic hydrogen chloride achieved spiroacetalization. The resultant 
product was acetylated and subjected to debenzylation by hydrogenolysis in the 
presence of palladium(II) hydroxide'®. Further acetylation afforded the racemic 
hexaacetate 28. The same compound, in optically active form, was obtained as 
described from papulacandin D (4) hydrolysis and acetylation. The chromato- 


*For a review on cuprate trapping reactions, see ref. 11; cf. i.a., ref. 12. 
**It is not clear at this time whether the compound obtained was a regioisomer or a stereoisomer. 
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graphic mobility, i.r. and high-field n.m.r. spectra of the synthetic and naturally 
derived specimens were identical. 

In summary, the basis for a synthetic attack on the papulacandins has been 
established. The spiroacetalization of the C-1 arylated methyl glycoside using a 
properly placed benzyl alcohol group has been shown to be viable and stereo- 
selective in the required sense. To achieve a practically useful synthesis would 
require the attainment of major improvements in going from 14 to 23, or the 
development of a new route to the late intermediates (cf., 23-26). 


R ©) U-Ar 
'@) 


18 R = CHO 
19 R CH3OH 


20R = CH20Bz 


EXPERIMENTAL 


General methods. — Melting points were determined with a Thomas—Hoover 


melting point apparatus and are uncorrected. I.r. spectra were recorded with a 
Perkin-Elmer spectrophotometer 710 Band 1420. 'H-N.m.r. spectra were recorded 
with a Varian EM-390 (90 MHz) or Bruker WM-250 (250 MHz) spectrometer. 
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Mass spectra were obtained with a Hewlett-Packard 5985 spectrometer. High- 
resolution, exact masses and chemical-ionization mass spectra were obtained with 
a Kratos MS 80 RFA spectrometer. Reagents and solvents were purified and dried 
by standard methods and all reactions were run under a nitrogen atmosphere. 
Elemental analyses were performed by Galbraith Laboratories, Inc., Knoxville, 
Tennessee. 

6-Benzoyloxymethyl-2,4-dibenzyloxybenzaldehyde (14). — 3,5-Dihydroxy- 
benzoic acid (11.7 g, 75.9 mmol) was dissolved in methanol (100 mL) and con- 
centrated H,SO, (0.2 mL) added. After refluxing for 17 h, the methanol was 
evaporated and the residue (10) was dissolved in acetone (100 mL). Benzyl 
bromide (29 g, 0.17 mmol) and K,CO, (23 g, 0.17 mmol) were added. After heating 
under reflux for 6 h, additional portions of benzyl bromide (2.9 g, 17 mmol) and 
K,CO, (2.0 g, 14 mmol) were added. After stirring for another 10 h, the solid 
material was filtered off and washed with ether. The solvent was removed in vacuo 
to give methyl 5,5-dibenzyloxybenzoate (11; 25.9 g), m.p. 65—66°; vO#Cs 3020, 1720, 
1600, 1300, and 1160 cm~!; 'H-n.m.r. (90 MHz, CDCI,): 6 (7.5—7.0 (m, 12 H), 6.70 
(t, 1 H, J3 Hz), 4.96 (s, 4 H), and 3.66 (s, 3 H); m.s.: m/z (%) 347 (M?*, 33), 181 
(26), and 91 (100). This material was used in the next experiment. 

A slurry of lithium aluminum hydride (3.0 g, 79 mmol) in ether (200 mL) was 
prepared under N, and cooled to 0°. Crude 11 (25.9 g, 74 mmol) was added in 
portions and, after the addition was completed, stirring was continued for 2 h. 
Water (3 mL), 15% aqueous NaOH (3 mL), and water (9 ML) were added and the 
solid material was filtered off. Removal of the solvent in vacuo gave 3,5-dibenzoyl- 
oxybenzyl alcohol (12; 22.4 g, 95%) as a white solid, m.p. 73—77°; vCHCs 3610, 2920, 
1600, and 1160 cm~'!; 'H-n.m.r. (90 MHz, CDC1,): 6 7.3 (m, 10 H), 6.5 (m, 3 H, 
4.91 (s, 4H), 4.45 (br. s, 2 H), and 2.4 (br., 1 H); m.s.: m/z (%) 320 (M*, 72), 181 
(36), and 91 (100). Compound 12 was used in the next experiment without further 
purification. Crude 12 (22.4 g, 70 mmol) was dissolved in dichloromethane (100 
mL) and the solution cooled to 0°. Triethylamine (11 g, 0.11 mmol) and benzoyl 
chloride (11 g, 77 mmol) were added and the mixture was stirred for 1 h, at which 
time it was washed with M HCl, saturated NaHCO,, and NaCl solution, dried 
(MgSO,), and the solvent removed to give (3,5-dibenzoyloxyphenyl)methyl 
benzoate (13; 29.5 g, 100%) as a white solid, m.p. 67—73°; vOHCs 3010, 1715, 1595, 
1270, and 1155 cm~!; 'H-n.m.r. (90 MHz, CDCl,): 6 8.08 (dd, 2 H, J 8.2 Hz), 
7.6-7.2 (m, 13 H), 6.69 (d, 2 H, J 2 Hz), 6.60 (+, 1 H, J 2 Hz), 5.28 (s, 2 H), and 
5.03 (s, 4 H); m.s.: m/z (%) 24 (M*, 6), 181 (11), 105 (16), and 91 (100). This 
material was used in the next experiment without further purification. 

To a flame-dried flask under N, was added N, N-dimethylformamide (30 mL) 
and freshly distilled POCI, (21 g, 0.14 mol) at 0°. After being warmed to room 
temperature, the mixture was transferred to a flask containing 13 (29.5 g, 70 mmol), 
dissolved in N, N-dimethylformamide (50 mL). After being stirred for 2.5 h at 97°, 
the mixture was poured into ice—water and extracted with ethyl acetate. The or- 
ganic layer was separated, washed with water and NaCl solution, dried (MgSO,), 
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and most of the solvent removed in vacuo. Ethyl ether was added and the resulting 
brown solid (20.9 g, 66%) was filtered off and used without further purification, 
m.p. 96—98°; vOHCs 3040, 1725, 1675, 1605, 1580, 1280, and 1160 cm~!; 'H-n.m.r. 
(90 MHz, CDCl,): 6 10.61 (s, 1 H), 8.08 (dd, 2 H, J 8, 2 Hz), 7.6-7.2 (m, 13 H), 
6.74 (d, 1 H, J 2 Hz), 6.58 (d, 1 H, J 2 Hz), 5.79 (s, 2 H), 5.12 (s, 2 H), and 5.06 
(s, 2 H); m.s.: m/z (%) 452 (M*, 9), 347 (63), 330 (97), 105 (19), and 91 (100). 

Anal. Calc. for C,,H,,0;: C, 76.97; H, 5.34. Found: C, 77.03; H, 5.51. 

Cyclocondensation of aldehyde 14 with diene 6. — 2-(6-Benzoyloxymethyl-2,4- 
dibenzyloxyphenyl)-6-vinyl-2,3-dihydro-4H-pyran-4-one (16). To a slurry of the 
aldehyde 14 (4.42 g, 9.98 mmol) in CDCI, (15 mL) under N,, were added the diene 
6 (2.0 g, 12 mmol) and Yb(fod), (204 mg, 0.19 mmol), and the mixture was heated 
at 55°. After 14 h, more diene 6 (0.44 g, 2.6 mmol) was added and, after 1 day, 
another portion (0.53 g, 3.1 mmol). After being heated for another 2 days, the 
mixture was cooled to room temperature and trifluoroacetic acid (0.5 mL) was 
added. After stirring for 10 min, the volatiles were removed and the residue 
chromatographed on silica gel (80 g) with 3:1 hexane-ethyl acetate, to give 2-(6- 
benzoyloxymethyl-2 ,4-dibenzyloxyphenyl)-2,3-dihydro-4H-pyran-4-one (15; 4.69 
g, 92%) as a yellow syrup, vOH#Cs 3010, 1715, 1670, 1595, and 1270 cm~!; 'H-n.m.r. 
(250 MHz, CDC1,): 6 8.03 (dd, 2 H, J 2, 8 Hz), 7.7—7.3 (m, 14 H), 6.80 (d, 1 H, J 
2.4 Hz), 6.67 (d, 1 H, J 2.4 Hz), 6.03 (dd, 1 H, J 15.4, 3.7 Hz), 5.57 (d, 1 H, J 12.9 
Hz), 5.48 (dd, 1 H, J 6.1, 1 Hz), 5.42 (d, 1 H, J 12.9 Hz), 5.11 (d, 1 H, J 11.9 Hz), 
5.07 (s, 2 H), 5.06 (d, 1 H, J 11.7 Hz), 3.48 (dd, 1 H, J 17.2, 15.4 Hz), and 2.52 
(ddd, 1 H, J 1, 3.7, 17.2 Hz); m.s.: m/z (%), 520 (M*, 9), 398 (44), 307 (63), 237 
(96), and 91 (100). 

To a flame-dried flask under N, was added Cul (2.564 g, 13.5 mmol), oxolane 
(25 mL), and dimethyl sulfide (3.3 g, 51 mmol). The clear colorless solution was 
cooled to —78°, and vinylmagnesium bromide (27 mL of a M solution in oxolane 
(27 mmol)) was added. The dihydropyrone 15 (3.47 g, 6.7 mmol) was added in 
oxolane (20 mL), and the mixture stirred for 1.5 h. Ether and saturated NH,Cl 
were added, the organic layer was separated, washed with 9:1 NH,CI-NH,OH and 
NaCl solution, dried (MgSO,), and the solvent removed. Chromatography on silica 
gel (90 g) with 2:1 hexane-ethyl acetate gave 16 (2.57 g, 70%) as a white solid, 
m.p. 115-117°; vOHCs 3005, 1715, 1605, 1270, and 1150 cm~!; 'H-n.m.r. (250 MHz, 
CDCI,): 58.04 (dd, 2 H, J 2, 8 Hz), 7.67.2 (m, 13 H), 6.76 (d, 1 H, J 2.4 Hz), 6.59 
(d, 1 H, J 2.4 Hz), 5.90 (ddd, 1 H, J 4.4, 10.9, 17.5 Hz), 5.73 (d, 1 H, J 12.9 Hz), 
5.64 (dd, 1 H, J 3.9, 10.4 Hz), 5.43 (d, 1 H, J 12.9 Hz), 5.3-5.1 (m, 2 H), 5.05 (d, 
1 H, J 12.1 Hz), 5.00 (s, 2 H), 4.99 (d, 1 H, J 12.1 Hz), 4.85 (m, 1 H), 3.13 (dd, 1 
H, J 10.4, 15.2 Hz), 2.70 (dd, 1 H, J 6.3, 15.1 Hz), and 2.42.7 (m, 2 H); m.s.: m/z 
(%) 548 (M*, 4), 426 (36), 357 (46), 335 (90), and 91 (100). 

Anal. Calc. for C,;H,,0,: C, 76.62; H, 5.87. Found: C, 76.94; H, 5.80. 

trans-5-Benzoyloxy -6-benzoyloxymethyl-2-(6-benzoyloxymethyl-2,4-diben- 
zyloxyphenyl)-2,3,5,6-tetrahydro-4H-pyran-4-one (22). — The vinylpyranone 16 
(1.04 g, 1.9 mmol) was dissolved in 1 ,4-dioxane (22 mL) and water (7 mL). Osmium 
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tetraoxide (0.5 mL of a 10 mg/mL solution in oxolane, 0.02 mmol) and NalO, (1.34 
g, 6.2 mmol) were added, and the mixture was stirred for 20 h. Water was added, 
and the mixture was stirred for 20 h. Water was added, and the mixture extracted 
with ether, the organic layer washed with water and NaCl solution, dried (MgSO,), 
and most of the solvent removed in vacuo. 

The crude aldehyde 18 was dissolved in oxolane (25 mL) under N, and cooled 
to —78°. Lithium tris(3-ethyl-3-pentyloxy)aluminum hydride (11 mL of a 0.57M 
solution in oxolane, 6.3 mmol) was added. After stirring for 2 h, the reaction was 
quenched with ethyl acetate and M HCl. The organic layer was washed with NaCl 
solution, dried (Na,SO,), and the solvent removed in vacuo. Chromatography on 
silica gel (20 g) with 2:1 hexane-ethyl acetate gave 6-benzoyloxymethyl-2-(6-ben- 
zoyloxymethyl-2 ,4-dibenzyloxyphenyl)-2,3,5 ,6-tetrahydro-4H-pyran-4-one (20) as 
a white foam (730 mg, 59%); vO#Cs 3020, 3000, 1740, 1720, 1600, and 1270 cm-!; 
'H-n.m.r. (250 MHz, CDC1,): 6 8.03 (dd, 2 H, J 2, 8 Hz), 7.98 (dd, 2 H, J 2, 8 Hz), 
7.7—7.3 (m, 16 H), 6.77 (d, 1 H, J 2.4 Hz), 6.59 (d, 1 H, J 2.4 Hz), 5.85 (dd, 1 H, 
J 5.2, 7.9 Hz), 5.62 (d, 1 H, J 12.9 Hz), 5.48 (d, 1 H, J 12.9 Hz), 5.03 (s, 2 H), 5.02 
(s, 2 H), 4.64.3 (m, 3 H), 3.17 (dd, 1 H, J 7.9, 16.0 Hz), 2.70 (dd, 1 H, J 5.2, 16.0 
Hz), 2.6 (m, 1 H), and 2.53 (dd, 1 H, J 6, 16 Hz). 

The pyranone 20 (508 mg, 0.77 mmol) was dissolved in benzene (5 mL) under 
N,. Hexamethyldisilazane (0.18 g, 1.1 mmol) and iodotrimethylsilane (6.17 g, 0.8 
mmol) were added. The slurry was stirred for 40 min and the solvent removed in 
vacuo. The mixture was filtered through a plug of silica gel with 2:1 hexane-ethyl 
acetate and the solvent removed in vacuo to give two compounds (see 21) as a 2:1 
mixture. The crude material was dissolved in benzene (5 mL), 3-chloroperbenzoic 
acid (171 mg, 1 mmol) added, and the mixture stirred for 30 min. The solvent was 
removed in vacuo, the gummy residue dissolved in methanol (2 mL) and oxolane 
(1 mL), and the solution stirred for 6 h. The solvent was removed in vacuo, the 
gum was dissolved in ethyl acetate, the solution washed with aqueous NaHCO, and 
NaCl, dried (Na,SO,), and the solvent removed in vacuo. Chromatography on 
silica gel (20 g) with 2:1 hexane-ethyl acetate gave a 1:1 mixture (240 mg) of two 
products which were dissolved in pyridine (1 mL) and benzoyl chloride (72 mg, 0.5 
mmol). After being stirred for 2 h, the slurry was dissolved in ethyl acetate and 
washed with M HCl, saturated NaHCO,, and NaCl solution. Medium pressure 
liquid chromatography on silica gel with 5:2 hexane-ethyl acetate gave 22 (99 mg, 
17%), m.p. 154-155°; GHC’ 3010, 1730, 1715, 1600, and 1265 cm~'!; 'H-n.m.r. 
(CDCI,): 6 8.05 (dd, 2 H, J 2, 8 Hz), 7.95 (dd, 2 H, J 2, 8 Hz), 7.90 (dd, 2 H, J 2, 
8 Hz), 7.7-7.3 (m, 19 H), 6.78 (d, 1 H, J 2.4 Hz), 6.51 (d, 1 H, J 2.4 Hz), 5.91 (t, 
1 H, J 5.4 Hz), 5.78 (d, 1 H, J 9.4 Hz), 5.55 (d, 1 H, J 12.9 Hz), 5.46 (d, 1 H, 12.9 
Hz), 5.16 (d, 1 H, J 14.1 Hz), 5.02 (d, 1 H, J 14.1 Hz), 4.96 (s, 2 H), 4.64.4 (m, 
3 H), and 3.16 (d, 2 H, J 5.4 Hz). 

Anal. Calc. for CygH4jOQ49: C, 74.26; H, 5.19. Found: C, 74.10; H, 5.29. 

A comparable amount of an unidentified material was also obtained. 

[3,5-Dibenzoyloxy-2-(methyl 3-O-acetyl-4,6-di-O-benzoyl-DL-glucopyranosid- 
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1-yl)phenyl methyl benzoate (26). — To a flame-dried flask under N, was added 
oxolane (2 mL), hexamethyldisilazane (69 mg, 0.49 mmol), and butyllithium (0.25 
mL of a 1.6M solution in hexane, 0.4 mmol). After being stirred for 20 min, the 
solution was cooled to —78°, and a solution of 22 (105 mg, 0.14 mmol) in oxolane 
(1 mL) and hexamethylphosphoramide (75 mg, 0.42 mmol) was added. To this, 
freshly distilled chlorotrimethylsilane (86 mg, 0.79 mmol) was added and the reac- 
tion was quenched 15 min later with ether and saturated NaHCO,. The organic 
layer was separated, washed with water and NaCl solution, dried (Na,SO,), and 
the solvent removed in vacuo. To the crude silylenol ether, dissolved in freshly 
distilled acetonitrile (2 mL), was added palladium (II) acetate (47 mg, 0.21 mmol), 
and the mixture stirred for 24 h. The solvent was removed in vacuo and the residue 
chromatographed on silica gel (8 g) with 3:1 hexane-ethyl acetae to give 3- 
benzoyloxy -2-benzoyloxymethyl-6-(6-benzoyloxymethyl-2,4-dibenzyloxyphenyl)- 
2,3-dihydro-4H-pyran-one (23; 82 mg, 78%) which contained ~10% of 22; 
vCHCh 3010, 1720, 1680, 1600, and 1265 cm~'; 'H-n.m.r. (250 MHz, CDCI,): 6 8.2- 
8.0 (m, 6 H), 7.7-7.3 (m, 19 H), 6.77 (d, 1 H, J 2.0 Hz), 6.61 (d, 1 H, J 2.0 Hz), 
6.01 (d, 1 H, J 12.8 Hz), 5.83 (s, 1 H), 5.47 (d, 1 H, J 12.8 Hz), 5.38 (d, 1 H, J 12.8 
Hz), 5.08 (s, 2 H), 5.06 (s, 2 H), 5.0 (m, 1 H), 4.72 (dd, 1 H, J 2.4, 12.7 Hz), 4.54 
(dd, 1 H, J 48, 12.7 Hz); m.s.c.i.: m/z (%) 775 (M* + 1, 12), 244 (14), 140 (60), 
105 (100), and 80 (69). 

Compound 23 (82 mg, 0.11 mmol) was dissolved in oxolane (3 mL) under N, 
the solution cooled to —78°, diisobutyl aluminum hydride (0.6 mL of a M solution 
in hexane, 0.6 mmol) added, and the mixture stirred for 1 h. Some starting material 
remained and more diisobutyl aluminum hydride (0.5 mL of a M solution in hexane, 
0.5 mmol) was added. After stirring for 1 h, the reaction was quenched with ethyl 
acetate and M HCI. The organic layer was separated, washed with NaCl solution, 
dried (Na,SO,), and the solvent removed. The crude residue (24) was dissolved in 
pyridine (0.5 mL) and acetic anhydride (0.05 mL) and the mixture stirred for 10 h. 
The solvent was removed and the residue chromatographed on silica gel (5 g) with 
3:1 hexane-ethyl acetate to give [2-(3-acetyl-1,5-anhydro-4,6-di-O-benzoyl-2- 
deoxy-DL-arabino-hex-1-enit-3-yl)-3 ,5-dibenzoyloxyphenyl|methyl benzoate (25) 
(49 mg, 56%), vCHCs 3020, 1740, 1600, and 1270 cm~'; 'H-n.m.r. (250 MHz, 
CDCl,): 6 8.2-7.9 (m, 6 H), 7.6-7.3 (m, 19 H), 6.75 (d, 1 H, J 2.2 Hz), 6.58 (d, 1 
H, J 2.2 Hz), 5.70 (t, 1 H, J 5.5 Hz), 5.62 (t, 1 H, J 4 Hz), 5.45 (m, 2 H), 5.17 (d, 
1 H, J 3.7 Hz), 5.07 (s, 3 H), 5.04 (s, 2 H), 4.74 (m, 1 H), 4.66 (dd, 1 H, J 4.1, 12.1 
Hz), 4.55 (dd, 1 H, J 6.1, 12.1 Hz), and 1.94 (s, 3 H); m.s.c.i. (NH): m/z 836 (M* 
+ 18). 

The glycal 25 (40 mg, 0.060 mmol) was dissolved in 10:1 methanol—oxolane 
(2 mL) and 3-chloroperoxybenzoic acid (13 mg, 0.07 mmol) was added. The 
mixture was stirred for 2 d, the solvent removed in vacuo, and the residue dissolved 
in ethyl acetate. The solution was washed with 10% NaHCO, and NaCl solution, 
dried (Na,SO,), and the solvent removed in vacuo. Chromatography on silica gel 
(3 g) with 2:1 hexane-ethyl acetate gave a mixture (43 mg, 82%) of methyl glyco- 
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sides (26) vC#Cs 3020, 1725, 1605, and 1270 cm~'; 'H-n.m.r. (250 MHz, CDCI,): 6 
8.1-7.9 (m, 6 H), 7.7-7.3 (m, 19 H), 6.79 (d, 1 H, J 2.3 Hz), 6.63 (d, 1 H, J 2.23 
Hz), 5.87 (d, 1 H, J 13.6 Hz), 5.68 (t, 1 H, J 9.3 Hz), 5.5 (t, 1 H, J 9.2 Hz), 5.44 
(d, 1 H, J 13.6 Hz), 5.07 (m, 2 H), 4.98 (s, 2 H), 4.63 (dd, 1 H, J 1.0, 11.8 Hz), 
4.48 (dd, 1 H, J 4.7, 11.8 Hz), 4.3 (m, 1 H), 4.1 (m, 1 H), 3.30 (s, 3 H), and 1.94 
(s, 3 H). 

Conversion of methyl glycosides 26 to spiro|5,7-diacetoxyisobenzofuran-1- 
(3H), 1'-(2' ,3' ,4' ,6'-tetra-O-acetyl-DL-glycopyranose) (28). — The mixture 26 (32 
mg, 0.037 mmol) was dissolved in 0.4M methanolic NaOH (1 mL) and stirred for 5 
h; 1.1M methanolic HCI (1 mL) was added, followed by solid NaHCO,. The mate- 
rial was filtered through Na,SO, with chloroform and the solvent removed in vacuo. 
Chromatography on silica gel (1 g) with 9:1 chloroform—methanol gave a material 
(22 mg) which was dissolved in ethyl acetate (2 mL). Pd(OQH), on C (4 mg) was 
added and the mixture placed under an atmosphere of H,. After being stirred for 
5 h, the mixture was filtered through Celite and the solvent removed in vacuo. The 
residue was dissolved in pyridine (0.5 mL) and acetic anhydride (50 «wL), and stirred 
for 7 h. The solvent was removed in vacuo and the residue chromatographed on 
silica gel (1 g) with 1:1 hexane-ethyl acetate to give 8 mg (38%) hexaacetate 28; 
yCHCh 1755, 1380, and 1220 cm~'; ‘H-n.m.r. (250 MHz, CDCI,): 6 7.01 (d, 1 H, J 
1.8 Hz), 6.93 (d, 1 H, J 1.8 Hz), 5.71 (d, 1 H, J 10 Hz), 5.60 (t, 1 H, J 10 Hz), 5.25 
(t, 1 H, J 10 Hz), 5.2 (m, 2 H), 4.3 (m, 2 H), 4.05 (m, 1 H), 2.41 (s, 3 H), 2.3 (s, 
3 H), 2.07 (s, 3 H), 2.06 (s, 3 H, 2.02 (s, 3 H), and 1.80 (s, 3 H); n.s.: m/z (%) 552 
(M*, 1), 450 (2), 366 (16), 176 (75), 119 (95), and 91 (100). 

Anal. Calc. for C,;H,,0,,: Mol.wt. 552.1479. Found: 552.1483. 
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ABSTRACT 


C-Glycosyl compounds were synthesized by addition of pyranosyl radicals 
to acrylonitrile, fumarodinitrile, or methacrylonitrile in the presence of tributyltin 
hydride in 34-75% yields. The pyranosyl radicals were generated by abstraction of a 
bromine atom or a nitro group by tributyltin radicals. The stereoselectivity of the 
C-C bond to the pyranosyl radicals was, in most cases, remarkably high, but hexo- 
pyranosyl and pentopyranosyl radicals showed different selectivity. Whereas the 
tetra-O-acetylglucosyl radical reacted with acrylonitrile preponderantly to give a 
C-glycosyl compound having the newly formed C-C bond in an axial position, the 
tri-O-acetylxylosyl radical gave a C-glycosyl compound having an equatorial C-C 
bond. In the tetra-O-acetylmannosy]l radical, the axial acetoxy substituent, adjacent 
to the radical center, led exclusively to a compound having a trans C-C bond, 
whereas the tri-O-acetyllyxosyl radical showed trans- and cis-addition to acryloni- 
trile in a 7:3 ratio. 


INTRODUCTION 


The formation of C-C bonds via addition of an alkyl radical 3 to an alkene (2) 
has proved to be a very versatile method for the synthesis of target molecules under 
mild conditions’. For a successful application of this reaction, the adduct radical 1 is 
converted into compounds before these can then further react with alkenes to give 
polymers. Several methods have been developed to intercept this unwanted poly- 
merization side-reaction, for example, by trapping with atom donors’ or by radical- 
fragmentation reactions”. A useful trap is tributyltin hydride that reacts with the 
adduct radical 1 to give 5 and the tin radical 4. With a suitably substituted educt 6, 
e.g., halides, selenides, or xanthates, the tributyltin radical regenerates the alkyl 
radical 3. 

We have previously used this tin method for the selective generation and the 
C-C bond-formation reactions of carbohydrate radicals*. We describe herein the 


*To whom correspondence should be addressed. 


0008-62 15/87/$ 03.50 © 1987 Elsevier Science Publishers B.V. 





330 B. GIESE, J. DUPUIS, M. LEISING, M. NIX, H. J. LINDNER 


synthesis of C-hexopyranosyl, -heptulopyranosyl, and -pentopyranosyl derivatives. 


, Bu3SnH 
iS 


1 


RESULTS AND DISCUSSION 


The reaction of 2,3,4,6-tetra-O-acetyl-a-b-glucopyranosyl bromide (7) with 
tributyltin hydride and acrylonitrile gave the C-a-p- (8) and -G-p-glucopyranoside 9 
in 75% yield and a 93:7 ratio. With photolytical initiation of the radical-chain 
reaction in ether, most of the product 8 precipitated directly from the solution. The 
axial orientation of the cyanoethyl group was deduced from the 'H-n.m.r. coupling 
J4,5 5.2 Hz, whereas the equatorial acetoxy and acetoxymethyl groups led to diaxial- 
coupling constants Js, = Jeé7 = Jz, 8.3 Hz. The minor anomer 9, which was 
isolated by column chromatography, only exhibited the diaxial-coupling constants 
Jas = J5.6 9.6, Jg.7 9.4, and Jz, 9.8 Hz at the pyranosyl ring. As a side-product, 
tetra-O-acetyl-1,5-anhydro-p-glucitol was formed, in 5% yield, by reduction of 7. 








The high selectivity of formation of the axially substituted C-glucopyranosyl 
compound 8 was surprising because equatorially substituted glycopyranosyl radi- 
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cals having radical centers at C-2, C-3, and C-4 are attacked by alkenes preponder- 
antly from the equatorial side*. The reason for the opposite selectivity of the 
reaction with 7 may be explained by a slightly twisted boat conformation 11 for the 
intermediate radical instead of the chair conformation 10. This was shown by the 
small 6-coupling constant in the e.s.r. spectrum”. The twist-boat conformation 11 is 
stabilized by the interaction between the SOMO (single-occupied molecular orbital) 
of the radical center and the LUMO (lowest-unoccupied molecular orbital) of the 
adjacent axial C-OAc bond. This interaction is very effective in radical 11 because 
the neighboring oxygen atom increases the SOMO and, therefore, decreases the 
SOMO-LUMO energy difference. The preponderant formation of the axially 
substituted compound 8 resulted from a quasi-equatorial attack at radical 11. Con- 
version from the twist-boat to the chair form then led to 8. The formation of com- 
pounds having an axial substituent via radical 11 is analogous to cationic reactions. 
Lemieux ef al.° and Lewis et al.’ explained the rates and stereochemical relations of 
ionic reactions at the anomeric carbon atom of D-glucose derivatives via a cationic 
intermediate having a conformation that resembles that of radical 11. 


15 (64 %) 


Reactions with 1,2- or 1,1-disubstituted alkenes induce a new chiral center at 
the side-chain of the oxolane system. Thus, in reactions with fumarodinitrile (12) 
and methacrylonitrile (14) in which only axially-substituted products could be iso- 
lated, two diastereomers were obtained in 33:17 and 61:39 ratios, respectively. The 
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small ratio of the compounds obtained shows that the asymmetric induction, caused 
by the chiral pyranosyl ring, on the diastereoface selectivity in the side chain is low. 
However, it was not possible to deduce from the n.m.r. data the side-chain chirality 
of the minor and the major diastereomer. The coupling constants Js 5, J6,7, and J7,s 
of 13 (3.4-4.7 Hz) were too far from diaxial couplings. Therefore, we concluded 
that the *C, (p) chair of 7 had been converted into a 'C, (p)-like conformation in 


(13). 


AcO 
OAc 
O x 
AcO AcO Bu,SnH OAc O CN 
Aco + ———— OAc R 
CN 

Br AcO 

16 (X = Hor CN) 17R = H (68% ) 


18 R = CN(34 %) 


19 


Similarly to the p-glucosyl system, 2,3,4,6-tetra-O-acetyl-a-D-mannopyrano- 
syl bromide (16) reacted with a high selectivity at the pyranosyl ring and a low 
selectivity at the side chain. The mannosyl radical was attacked by alkenes with an 
even higher stereoselectivity than the glucosyl radical and only isomers 17 and 18 
were detected. In view of the diaxial coupling constant J, 5 9.4 Hz and the diequato- 
rial or axial-equatorial couplings Js 6, Js.7, and J7,3° which are between 1.8 and 3.6 
Hz, the 'C, (p) chair conformation was attributed to the fumarodinitrile adduct 
18. For the acrylonitrile aduct 17, the coupling constants J4,; 6.1 Hz and Js 6, J6.7, 
and J7.. 3.4-6.3 Hz suggested a conformation that is between a 'C, (D) chair and a 
twist-boat conformation. The selective formation of 17 and 18 may be explained by 
the intermediate mannosyl radical 19 for which the e.s.r. analysis indicated a *C, (D) 
conformation*’. In the mannosyl radical 19, the SOMO of the radical and the 
LUMO of the adjacent, axial C-OAc bond are already in one plane and may, 
therefore, lead to a stabilizing interaction without change of the *C, (p) conform- 
ation. The axial acetoxy group directs the attack of the alkene to the axial side. Ring 
inversion then gives the isomers 17 and 18 having the 'C, (pD) conformation. 

The reaction of the D-g/uco-heptulopyranose derivative 20 (synthesized ac- 
cording to the procedure of Baumberger and Vasella®) with tributyltin hydride and 
acrylonitrile gave 21 as the only isolable compound. Its structure, determined by 
X-ray crystallography (Fig. 1), showed that an axial C-C bond is formed. Thus, the 
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stereochemical outcome of the reaction of the p-g/uco-heptulopyranosyl radical 22 
is similar to that of the p-glucopyranosyl radical 11. The conformation of the tertia- 
ry radical 22 could not be determined because the e.s.r. spectrum showed only 
signals of radical 23, generated by the attack of the tin radical on the nitro com- 
pound’. 

2,3,4-Tri-O-acetyl-a-D-xylopyranosyl bromide (24) and 2,3,4-tri-O-acetyl-a- 
D-lyxopyranosyl bromide (27) gave 25 and 26, and 28 and 29, respectively, in the 
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radical-chain reaction with acrylonitrile. All products have conformations in which 
the newly formed C-C bonds are in equatorial position. This was shown by the large 
diaxial coupling-constants J4 5; 9.6, 9.5, and 9.9 Hz for 25, 26, and 28, respectively, 
and the small coupling J, .; 1.1 Hz for 29. The reason for the relatively large amount 
of the 2:1 addition product in the reaction with 24 is not known. Although the e.s.r. 
spectra of the pentopyranosyl radicals are not much different from those of the 
hexopyranosyl radicals'’, the stereochemical relations differ considerably from each 
other. The p-xylosyl bromide 24 reacted with a selectivity that is opposite to that of 
the p-glucosyl bromide 7, and the p-lyxosyl bromide 27 gave 30% of the cis isomer 
29, although the p-mannosyl bromide 16 gave exclusively the trans compound 17. 

Thus, the reactions with pentopyranosyl rings led, to a larger extent, to the 
more stable diastereomers, in which less substituents are axial, than did the reactions 
with hexopyranosyl rings. Maybe the intermediate pentopyranosyl radicals are so 
flexible, owing to the absence of an acetoxymethyl substituent at C-5, that the 
stability of the compounds formed already plays a role in the transition states of the 
C-C bond-forming reactions. 


EXPERIMENTAL 


General methods. — Melting points were determined with a Biichi apparatus 
and are uncorrected. Optical rotations were measured with a Perkin-Elmer 141 
polarimeter. I.r. spectra (KBr discs) were recorded with a Perkin-Elmer 297 spectro- 
meter and 'H-n.m.r. spectra with a Bruker WM-300 spectrometer (300 MHz) for 
solutions in CDCl,. Analyses were performed with a Perkin-Elmer Sigma 3 gas 
chromatograph; column chromatography used silica gel (Machery and Nagel, 40-63 
pm). 

5,6,7,9- Tetra-O-acetyl-4,8-anhydro-2,3-dideoxy-bD-glycero-D-ido-nonononi- 
trile (8) and 5,6, 7,9-tetra-O-acetyl-4,8-anhydro-2,3-dideoxy-D-glycero-D-gulo-nono- 
nonitrile (9). (Photolytic initiation). — To a a solution of compound 7 (ref. 11; 50 
mmol, 20.6 g) in anhydrous ether (100 mL) at reflux were added, under Nz, acrylo- 
nitrile (250 mmol, 13.5 g) and tributyltin hydride (55 mmol, 16.0 g). After a 4-h 
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irradiation with a sun lamp or a high-pressure mercury lamp, the precipitate was 
filtered off, further acrylonitrile (120 mmol, 6.6 g) and tributyltin hydride (20 mmol, 
5.8 g) were added, and the filtrate was again irradiated. When the starting bromide 7 
had completely reacted, the cold mixture was filtered, and the combined precipitates 
gave 8 (8.6 g, 45%) after crystallization from ether. The filtrates were evaporated, 
the residue was dissolved in acetonitrile (50 mL), and the solution extracted three 
times with pentane (50 mL each). The acetonitrile solution was evaporated and the 
resulting sirup flash-chromatographed on silica gel (1:1 ethyl acetate-hexane). The 
first fraction contained tetra-O-acetyl-1,5-anhydro-p-glucitol (3.5 g, 21%), the 
second pure 9 (950 mg, 5%), and the third additional 8 (2.5 g, 13%). The ratio of 8 to 
9 of the mixture before work up was 93:7 (g.|.p.c.). In a synthesis with 7 (2.0 g) in 
boiling oxolane (50 mL), 8 (75%) was isolated in 75% yield (1.4 g) by flash-chroma- 
tography. 

Compound 8. Colorless crystals (from ether), m.p. 121-123°, [a]f’ + 66.2° (c 
0.7, chloroform); vk8* 2240 (C=N) and 1745 (C=O) cm~'; 'H-n.m.r.: 6 1.84-1.95 
(m, 1 H, H-3a), 2.05 (s, 6 H, OAc), 2.09 (s, 3 H, OAc), 2.11 (s, 3 H, OAc), 2.05-2.24 
(m, 1 H, H-3b), 3.46 (m, 2 H, H>-2), 3.88 (ddd, 1 H, Jz. 8.3, Jg 9, 2.9, Jg.op 5.8 Hz, 
H-8), 4.12 (dd, 1 H, Jg op 5.8, Joa op 12.2 hz, H-9b), 4.23 (m, 1 H, H-4), 4.32 (dd, 1 
H, Je oq 5.8, Joop 12.2 Hz, H-9a), 4.98 (t, 1 H, Jg.7 = J7.g 8.3, H-7), 5.09 (dd, 1 H, 
J4,5 5.2, Js.6 8.3 Hz, H-5), and 5.23 (t, 1 H, Js.6 = Je.7 8.3, H-6). 

Anal. Calc. for C;7H23NOz: C, 52.98; H, 6.02; N, 3.63. Found: C, 52.80; H, 
6.01; N, 3.63. 

Compound 9. Colorless crystals, m.p. 117-119°, [al — 19.6° (c 1.0, chloro- 
form); vX8r 2240 (C=N) and 1745 (C=O) cm “'; 'H-n.m.r.: 6 1.79 (m, 1 H, H-3a), 
1.92 (m, 1 H, H-3b), 2.00 (s, 3 H, OAc), 2.03 (s, 3 H, OAc), 2.07 (s, 3 H, OAc), 2.09 
(s, 3 H, OAc), 2.52 (m, 2 H, H>-2), 3.56 (dt, 1 H, J3,4 2.6, J3.4 = J4.5 9.6 Hz, H-4), 
3.58 (ddd, 1 H, Jz. 9.9, Js oa 5.0, Jg 9g 2.1 Hz, H-8), 4.11 (dd, 1 H, Hg 9, 5.0, Hoa op 
12.2 Hz, H-9a), 4.88 (t, 1 H, Jags = Js.¢6 9.6 Hz, H-5), 5.05 (t, 1 H, Jg.7 = Jo.g 9.4 
Hz, H-7), and 5.20 (dd, 1 H, Js.¢ 9.6, J6.7 9.4 Hz, H-6). 

Anal. Calc. for C;7H23NOz: C, 52.98; H, 6.02; N, 3.63. Found: C, 52.85; H, 
6.09; N, 3.70. 

(3RS)-5,6, 7,9- Tetra-O-acetyl-4,8-anhydro-3-cyano-2,3-dideoxy-D-glycero- 
p-ido-nonononitrile (13). — To a solution of 7 (7.3 mmol, 3.0 g) and fumarodinitrile 
12 (73 mmol, 5.7 g) in toluene (180 mL) were added, at 100° under N> within 5 h, a 
solution of tributyltin hydride (7.9 mmol, 2.3 g) and azoisobutyronitrile (300 mg) in 
toluene (20 mL). The toluene was destilled off, and the residue dissolved in acetoni- 
trile (300 mL) and extracted three times with pentane (50 mL each). The acetonitrile 
solution was evaporated, and the residue dissolved in ethyl acetate (20 mL) and 
chromatographed on silica gel (1:1 ethyl acetate-pentane). The two isomers 13 were 
isolated in 890 and 490 mg amounts (47%). From the 'H-n.m.r. spectra, it could not 
be concluded which of these was the [(3R)-3-cyano or the (3S)-3-cyano]nonononi- 
trile derivative. 

Major isomer. Colorless crystals (from ether), m.p. 137-138°, [a] +24.2° (c 
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0.43, chloroform); vK®* 2260 (C=N) and 1740 (C=O) cm™'; 'H-n.m.r.: 6 2.11 (s, 3 
H, OAc), 2.12 (s, 6 H, OAc), 2.21 (s, 3 H, OAc), 2.87 (m, 2 H, H>-2), 3.11 (dt, 1 H, 
Jz. 7.0, J3.4 3.4 Hz, H-3), 4.08 (dd, 1 H, Jg 94 3.4 Jo. 12.3 Hz, H-9b), 4.29 (t, 1 H, 
J3.4 = J4,5 3.4 Hz, H-4), 4.34 (m, 1 H, H-8), 4.59 (dd, 1 H, Jg.94 7.7, Joa.op 12.3 Hz, 
H-9), 4.88 (t, 1 H, J6.7 = J7.3 4.7 Hz, H-7), 5.05 (t, 1 H, Jg,.5 = Js.6 3.4 Hz, H-5), and 
5.19 (dd, 1 H, Js.6 3.4, J6.7 4.7 Hz, H-6). 

Anal. Calc. for C;gH22N.O,9: C, 52.68; H, 5.40; N, 6.83. Found: C, 52.62; 
H, 5.32; N, 6.69. 

Minor isomer. Colorless crystals (from ether), m.p. 134-135°, [aly +21.9° (c 
0.48, chloroform); vK®* 2260 (C=N) and 1740 (C=O) cm™'; 'H-n.m.r.: 6 2.09 (s, 3 
H, OAc), 2.12 (s, 3 H, OAc), 2.15 (s, 3 H, OAc), 2.18 (s, 3 H, OAc), 2.87 (m, 2 H, 
H>-2), 3.30 (ddd, 1 H, J2,.3 5.4, Joy.3 6.5, J3,4 10.1 Hz, H-3), 4.07 (m, 2 H, H-8,9b), 
4.36 (dd, 1 H, J3.4 10.1, J4.5 3.1 Hz, H-4), 4.52 (dd, 1 H, Jg. 9, 8.6, Joa.op 13.0 Hz, 
H-9a), 4.86 (t, 1 H, J67 = J7.3 4.7 Hz, H-7), 5.08 (dd, 1 H, J4.5 3.1, Js.6 4.7 Hz, 
H-5), and 5.24 (t, 1 H, Js.6 = J6.7 4.7 Hz, H-6). 

Anal. Calc. for C;gH22N»Oo: C, 52.68; H, 5.40; N, 6.83. Found: C, 52.46; H, 
5.37; N, 6.81. 

(2RS)-5, 6, 7, 9- Tetra-O-acetyl-4,8-anhydro-2,3-dideoxy-2-methyl-p-glycero-D- 
ido-nonononitrile (15). — To a solution of 7 (2.4 mmol, 1.0 g) and methacrylonitrile 
(48.7 mmol, 3.3 g) in boiling oxolane (40 mL) were added slowly, under N» and 
irradiation with a high-pressure mercury lamp, a solution of tributyltin hydride (2.9 
mmol, 850 mg) in oxolane (30 mL). After 1 h, the solution was evaporated in vacuo, 
the residue dissolved in ether (100 mL), and the solution treated with KF (4.0 g) in 
water (3 mL). After filtration and column chromatography on silica gel (ether), a 
mixture of isomers (15; 620 mg, 64%) was isolated as crystals in a 61:39 ratio ('H- 
n.m.r.). The isomers could not be separated and were analyzed as a mixture. 

Major isomer. 'H-n.m.r.: 6 1.41 (d, 3 H, Jo,cy, 5.8 Hz, CH3), 1.62-1.84 (m, 1 
H, H-3a), 2.05 (s, 3 H, OAc), 2.06 (s, 3 H, OAc), 2.10 (s, 3 H, OAc), 2.11 (s, 3 H, 
OAc), 2.20-2.34 (m, 1 H, H-3b), 2.80-2.90 (m, 1 H, H-2), 3.87 (ddd, 1 H, J, 8.0, 
Jg.9a 5.7, Jg.og 3.5 Hz, H-8), 4.15 (dd, 1 H, Jg.o 3.5, Joaop 12.3 Hz, H-9b), 4.24-4.30 
(m, 2 H, H-4,9a), 4.98 (t, 1 H, Je.7 = J7,3 8.0 Hz, H-7), 5.10 (dd, 1 H, Jg.5 5.0, Js.¢ 
8.0 Hz, H-5), and 5.20 (t, 1 H, Js6 = Je.7 8.0 Hz, H-6). 

Minor isomer. 'H-n.m.r.: 5 1.39 (d, 3 H, J2,cu, 6.0 Hz, CH3), 1.62-1.84 (m, | 
H, H-3a), 2.04 (s, 9 H, 3 OAc), 2.08 (s, 3 H, OAc), 2.20-2.34 (m, 1 H, H-3b), 
2.66-2.78 (m, 1 H, H-2), 3.93 (ddd, 1 H, J7.g 8.5, Jg.o4 4.8, Jg.o, 2.5 Hz, H-8), 4.12 
(dd, 1 H, Jg.o9q 2.5, Joaop 12.5 Hz, H-9b), 4.24-4.30 (m, 2 H, H-4,9a), 5.00 (t, 1 H, 
J6.7 = J7,.3 8.5 Hz, H-7), 5.08 (dd, 1 H, J4,5 5.7, Js.6 8.5 Hz, H-5), and 5.26 (t, 1 H, 
Js6 = Jo.7 8.5 Hz). 

Anal. Calc. for C;gH2;NOg: C, 54.14; H, 6.27; N, 3.51. Found: C, 53.80; H, 
6.51; N, 3.28. 

5,6, 7,9-Tetra-O-acetyl-4,8-anhydro-2,3-dideoxy-D-glycero-D-talo-nonononi- 
trile (17). — A boiling solution of 16 (ref. 11; 12.0 mmol, 4.9 g), acrylonitrile (120 
mmol, 6.4 g), and tributyltin hydride (13.7 mmol, 4.0 g) in ether (200 mL) was 
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irradiated with a mercury high-pressure lamp. After 9 h, the mixture was filtered, 
further acrylonitrile (56.6 mmol, 3.0 g) and tributyltin hydride (6.9 mmol, 2.0 g) 
were added to the filtrate which was again irradiated for 15 h. The solution was 
treated with KF (3.0 g) in water (2 mL), filtered and evaporated. Column chromato- 
graphy on silica gel (5:1 ether-pentane) of the residue gave 17 (3.1 g, 68%), colorless 
oil, [a]f +20.3° (c 4.3, chloroform); vk®« 2240 (C=N) and 1750 (C=O) cm™'; 
'H-n.m.r.: 6 1.92-2.04 (m, 1 H, H-3a), 2.04-2.15 (m, 1 H, H-3b), 2.09 (s, 3 H, OAc), 
2.10 (s, 3 H, OAc), 2.11 (s, 3 H, OAc), 2.12 (s, 3 H, OAc), 2.49 (t, 2 H, Jo.34 = Joan 
7.3 Hz, H2-2), 3.97 (ddd, 1 H, J7.g 6.5, Jg.9 7.7, Jg.o, 3.6 Hz, H-8), 4.04 (ddd, 1 H, 
J3,4. 5.8, Jav,4 9.5, Ja,5 6.1 Hz, H-4), 4.10 (dd, 1 H, Jg op 3.6, Joa.op 12.3 Hz, H-9b), 
4.58 (dd, 1 H, Jg.9q 7.7, Joa.op 12.3 Hz, H-9a), 5.07 (dd, 1 H, J4.5 6.1, Js.6 3.5 Hz, 
H-5), 5.08 (dd, 1 H, J¢.7 5.1, J>.3 6.5 Hz, H-7), and 5.26 (dd, 1 H, Js.¢6 3.5, Jg.7 5.1 
Hz, H-6). 

Anal. Calc. for C;7H23NOo: C, 52.99; H, 5.97; N, 3.64. Found: C, 52.95; H, 
6.16; N, 3.46. 

(3RS)-5, 6, 7, 9- Tetra-O-acetyl-4,8-anhydro-3-cyano-2,3-dideoxy-pb-glycero-D- 
talo-nonononitrile (18). — To a boiling solution of 16 (3.6 mmol, 1.5 g) and 
fumarodinitrile (36 mmol, 2.8 g) in toluene (80 mL) was added, under N> within 2 h, 
a solution of tributyltin hydride (7.2 mmol, 2.1 g) and azoisobutyronitrile (240 mg) 
in toluene (20 mL). After further 30 min, the solution was evaporated, the residue 
dissolved in acetonitrile (300 mL), and the solution extracted three times with 
pentane (50 mL each). The acetonitrile solution was treated at reflux with charcoal, 
filtered, and evaporated. Two column chromatographies of the resulting residue on 
silica gel (5:4 pentane-ethyl acetate) gave a mixture of isomers (18; 510 mg, 34%) 
in a 69:31 ratio, but it could not be concluded from the 'H-n.m.r. spectra which of 
the isomers was the (3R)-cyano or the (3S)-cyano-nonononitrile. The isomers could 
not be separated and were analyzed as a mixture. 

Major isomer. 'H-n.m.r.: 5 2.10 (s, 3 H, OAc), 2.12 (s, 3 H, OAc), 2.14 (s, 3 
H, OAc), 2.20 (s, 3 H, OAc), 2.86 (m, 2 H, H>-2), 3.11 (m, 1 H, H-3), 4.05 (dd, 1 H, 
Js.90 4.1, Joa.op 12.2 Hz, H-9b), 4.17 (m, 1 H, H-8), 4.28 (dd, 1 H, J3,4 7.2, J4,5 9.4 
Hz, H-4), 4.83 (dd, Jg 94 9.4, Joaop 12.2 Hz, H-9a), 4.91 (dd, 1 H, Je.7 3.6, Jo, 1.8 
Hz, H-7), 5.16 (dd, 1 H, J4.5 9.4, Js.6 3.6 Hz, H-5), and 5.34 (t, 1 H, Js6 = Jo,7 3.6 
Hz, H-6). 

Minor isomer. 'H-n.m.r.: 5 2.06 (s, 3 H, OAc), 2.12 (s, 3 H, OAc), 2.18 (s, 3 
H, OAc), 2.19 (s, 3 H, OAc), 2.86 (m, 2 H, H>-2), 3.25 (m, 1 H, H-3), 3.94 (dd, 1 H, 
J3.9a 3.5, Joa.op 12.4, H-9b), 4.17 (m, 1 H, H-8), 4.23 (dd, 1 H, J3,4 2.4, J4,5 7.4 Hz, 
H-4), 4.90 (m, 1 H, H-7), 4.95 (dd, 1 H, Jg.9 10.0, Joao, 12.4 Hz, H-9a), 5.22 (dd, 1 
H, J4.5 7.4, Js.6 3.2 Hz, H-5), and 5.47 (t, 1 H, Js.6 = Jo,7 3.2 Hz, H-6). 

Anal. Calc. for C;gH2»O9N>: C, 52.68; H, 5.40; N, 6.83. Found: C, 52.48; H, 
5.39; N, 6.70. 

4-C-Acetoxymethyl-4,8-anhydro-5,6,7,9-tetra-O-benzyl-2,3-dideoxy-D-gly- 
cero-D-ido-nonononitrile (21). — To a boiling solution of acrylonitrile (27.0 mmol, 
1.43 g) in benzene (60 mL) was added, under N> within 3 h, a solution of 20 (ref. 8; 
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0.90 mmol, 575 mg), tributyltin hydride (1.2 mmol, 350 mg), and azoisobutyroni- 
trile (0.96 mmol, 160 mg) in benzene (90 mL). After 1 h, the solution was evapor- 
ated, the residue dissolved in acetonitrile (50 mL), and the solution extracted three 
times with pentane (30 mL each). The acetonitrile solution was evaporated and the 
residue chromatographed on silica gel (3:1 hexane-ethyl acetate) to give 21 (274 mg, 
47%) after crystallization from ethanol, m.p. 103-105°, [a]f’ +22.4° (c 1.2, di- 
chloromethane); 'H-n.m.r.: 6 1.97 (s, 3 H, OAc), 2.10-2.36 (m, 2 H, H>-3), 
2.38-2.48 (m, 2 H, H>-2), 3.55-3.68 (m, 4 H, H-7,8,9a,9b), 3.73 (d, 1 H, Js.¢ 9.5 
Hz, H-5), 3.85 (dd, 1 H, Js.¢ 9.5, Jg.7 8.5 Hz, H-6), 4.20 (d, 1 H, J 11.7 Hz, 
CH,OAc), 4.50-4.65 (m, 4 H, 2 benzylic CH2), 4.86-4.98 (m, 4 H, 2 benzylic CH;), 
and 7.20-7.40 (m, 20 H, 4 OBn). 

Anal. Calc. for C4g9H4;3NO7: C, 73.92; H, 6.67; N, 2.15. Found: C, 73.57; H, 
6.74; N, 2.27. 

X-Ray crystallographic determination of the structure of 21. — Space group 
P3,; a 24.083(3), c 5.4091) A, V 2716.9 A®, z = 3, Deatc. 1.191 g-cm™, 
and pcuka 5-77 em’. 

Data collection. A needle (0.15:0.08-2.4 mm) was mounted along c on a STE 
SIADI 4 diffractometer using graphite, monochromated CuKa radiation. The cell 
constants were determined by measuring the positions of 33 reflections with 15.3 < 
28 < 50.3°. From 3009 measured reflections (3 < 23 < 120°), 2579 with Fp = 3 a 
(Fo)’ were used for structure determination and refinement after correction for 
background and geometrical factors. 

Structure determination and refinement. The structure was solved by use of 
the MULTAN 80" and difference-density syntheses. The hydrogen atoms were 
placed in calculated positions, 1.08 A away from their respective carbon atoms 
(U 0.18 A’). Anisotropic refinement of the non-hydrogen atoms led'* to R 
0.058. The positional parameters and U,,, for the non-hydrogen atoms are presented 
in Table I. 

5,6, 7- Tri-O-acetyl-4,8-anhydro -2,3 -dideoxy-bD-gulo-octononitrile (25) and 
(4RS)-7, 8, 9-tri-O-acetyl-6, 10-anhydro-4-cyano-2,3,4,5-tetradeoxy-D-gulo-decano- 
nitrile (26). — To a boiling solution of 24 (ref. 74; 2.95 mmol, 1.0 g) and acrylonitrile 
(29.5 mmol, 1.6 g) in toluene (50 mL) was added, under N3, a solution of tributyltin 
hydride (6.0 mmol, 1.75 g) and azoisobutyronitrile (150 mg) in toluene (30 mL). 
After 2 h, the solution was evaporated, the residue dissolved in acetonitrile (50 mL), 
and the solution extracted three times with pentane (30 mL each). The acetonitrile 
solution was evaporated and the residue chromatographed on silica gel (diethyl 
ether) to give the 1:1 adduct 25 (301 mg, 33%) and the 2:1 adduct 26 (283 mg, 26%). 

Compound 25. Colorless crystals, m.p. 94-95° (ether), [a]f’ —36.9° (c 0.5, 
chloroform); vk®« 2250 (C=N) and 1740 (C=O) cm “'; 'H-n.m.r.: 6 1.70-1.78 (m, 1 
H, H-3b), 1.84-1.93 (m, 1 H, H-3a), 2.03 (s, 3 H, OAc), 2.04 (s, 3 H, OAc), 2.06 (s, 3 
H, OAc), 2.52 (dd, 2 H, J2,3_ 6.3, J2,3, 8.2 Hz, H2-2), 3.29 (t, 1 H, Jo,.82 = Jga.gp 10.8 
Hz, H-8a), 3.46 (dt, 1 H, Jza.4 = J4,5 9.6, J3a,4 2.8 Hz, H-4), 4.81 (t, 1 H, Jas = Js.6 
9.6 Hz, H-5), 4.96 (ddd, 1 H, Jg.7 9.6, Jz. 5.6, J7.8. 5.6, J7.gh 10.8 Hz, H-7), and 
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TABLE | 
FINAL ATOMIC COORDINATES AND THERMAL PARAMETERS FOR COMPOUND* 21 
Atom x/A y/B z/C U(eq) 


0.0203(3) — 0.7176(3) 0.0619(10) 0.063(3) 
— 0.048 1(2) — 0.7383(2) — 0.0220(0) 0.056(3) 
— 0.0534(2) — 0.6831(2) — 0.1378(10) 0.060(3) 
— 0.0220(3) — 0.6226(3) 0.0197(11) 0.065(3) 

0.0447(3) — 0.6078(2) 0.0975(12) 0.069(3) 

0.0717(3) — 0.5534(3) 0.2934(13) 0.088(4) 

0.0225(3) — 0.7654(3) 0.2443(11) 0.073(3) 

0.0243(4) — 0.8619(3) 0.2223(15) 0.098(5) 

0.0076(5) — 0.9193(4) 0.0701(18) 0.160(7) 

0.0655(3) — 0.7049(3) —0.1569(11) 0.065(3) 

0.1363(3) — 0.6734(4) — 0.0815(13) 0.086(4) 

0.1756(3) — 0.6606(4) — 0.2994(16) 0.089(4) 
— 0.1269(3) — 0.8457(3) — 0.1138(13) 0.080(4) 
—0.1552(3) — 0.8927(3) — 0.3266(13) 0.072(4) 
— 0.2080(4) — 0.8986(5) — 0.4419(18) 0.137(7) 
— 0.2357(5) — 0.9425(8) — 0.6288(23) 0.162(9) 
— 0.2122(9) — 0.9802(6) — 0.6904(26) 0.160(11) 
— 0.1601(10) — 0.9748(7) — 0.5772(28) 0.241(15) 
— 0.1308(6) — 0.9290(5) — 0.3983(18) 0.181(9) 
— 0.1399(3) — 0.7026(3) — 0.4057(12) 0.083(4) 
— 0.2116(3) — 0.7264(3) — 0.4069(12) 0.072(3) 
— 0.2496(4) — 0.7646(4) — 0.5918(16) 0.116(6) 
— 0.3163(4) — 0.7841(5) — 0.5906(21) 0.125(7) 
~ 0.3392(4) — 0.7626(5) — 0.4059(23) 0.128(7) 
— 0.3019(4) — 0.7263(5) — 0.2268(19) 0.123(6) 
— 0.2381(3) — 0.7078(3) — 0.2268(15) 0.097(5) 
— 0.0539(3) — 0.5442(3) — 0.0306(14) 0.103(4) 
— 0.0369(3) — 0.4846(3) — 0.1744(12) 0.080(4) 

0.0150(3) — 0.4272(3) — 0.1065(14) 0.094(4) 

0.0290(4) — 0.3718(3) — 0.2430(19) 0.112(5) 
— 0.0074(5) — 0.3756(5) — 0.4437(19) 0.147(8) 
— 0.0609(5) — 0.4341(5) — 0.5068(17) 0.142(7) 
— 0.0741(3) — 0.4876(4) — 0.3721(14) 0.100(5) 

0.1656(5) — 0.4857(4) 0.5086(20) 0.154(7) 

0.1813(4) — 0.4244(3) 0.3724(17) 0.095(5) 

0.1546(4) — 0.3885(5) 0.4364(20) 0.133(7) 

0.1682(5) — 0.3328(5) 0.3151(29) 0.165(6) 

0.2059(5) — 0.3159(5) 0.1244(33) 0.174(10) 

0.2370(5) — 0.3474(6) 0.0520(24) 0.152(9) 

0.2235(5) — 0.4039(5) 0.1730(23) 0.135(7) 

0.2052(3) — 0.6509(3) — 0.4752(15) 0.119(5) 

0.0417(2) — 0.6624(2) 0.2184(7) 0.066(2) 
— 0.0718(2) — 0.7892(2) — 0.1986(7) 0.058(2) 
—0.1201(2) — 0.7035(2) — 0.1621(7) 0.067(2) 
— 0.0163(2) — 0.5700(2) — 0.1199(6) 0.070(2) 

0.1341(2) — 0.5395(2) 0.3463(13) 0.140(4) 

O-11 0.0101(2) — 0.8219(2) 0.1114(8) 0.090(3) 
O-12 0.0433(3) — 0.8540(3) 0.4319(12) 0.142(4) 





“For numbering scheme, see 30. 
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(61-67) Bn-O-6— C-6 


c-5 — 0-1 


(41-47)Bn-O-4-C- C-1— C-14-C-15— C-16 = N-11 


/ 6-11-0-12-¢-12-¢-13 
C-3-——C-2 


4 O-11 
~ 0-2 
Bn(31- 37) Bn (21-27) 


30 


5.19 (t, 1 H, Js6 = Je.7 9.6 Hz, H-6). 

Anal. Calc. for C;4H;9NO7: C, 53.67; H, 6.07; N, 4.47. Found: C, 53.56; H, 
6.21; N, 4.51. 

Compound 26. Mixture of diasteromers, only from the 'H-n.m.r. data of the 
main isomer could all lines be identified; 'H-n.m.r.: 6 1.85-1.95 (m, 2 H, H>-5), 
1.97-2.17 (m, 2 H, H>-3), 2.03 (s, 3 H, OAc), 2.04 (s, 3 H, OAc), 2.06 (s, 3 H, OAc), 
2.52-2.66 (m, 2 H, H>-2), 2.94-2.99 (m, 1 H, H-4), 3.28 (t, 1 H, Jo.10 = Jioa.10p 9-5 
Hz, H-10a), 3.52 (dt, 1 H, Jsa.6 3.9, Jsv.6 = Jo.7 9.5 Hz, H-6), 4.14 (dd, 1 H, Jo sop 
5.5, Jioa.1ob 9-5 Hz, H-10b), 4.84 (t, 1 H, Jg.7 = J7,.g 9.5 Hz, H-7), 4.79 (dt, 1 H, Jg.o 
= Jog 10p 9-5, Jo.10a 5.5 Hz, H-9), and 5.18 (t, 1 H, Jz. = Jg.9 9.5 Hz, H-8). 

Anal. Calc. for C;7H22N2O; (mixture): C, 55.73; H, 6.05; N, 7.65. Found: C, 
55.91; H, 5.81; N, 7.41. 

5,6, 7- Tri-O-acetyl-4,8-anhydro - 2,3 -dideoxy-bD-talo-octononitrile (28) and 
5,6, 7-tri-O-acetyl-4,8-anhydro-2,3 -dideoxy-bD-galacto-octononitrile (29). — Toa 
boiling solution of 27 (ref. 15, 5.9 mmol, 2.0 g) and acrylonitrile (59.0 mmol, 3.0 g) 
in toluene (60 mL) was added, under N>, a solution of tributyltin hydride (9.0 mmol, 
2.55 g) and azoisobutyronitrile (200 mg) in toluene (40 mL). After 3 h, the solution 
was evaporated, the residue dissolved in acetonitrile (SO mL), and the solution 
extracted three times with pentane (50 mL each). The acetonitrile solution was 
evaporated and the residue chromatographed on silica gel (diethyl ether) to give 28 
(870 mg, 47%) and 29 (401 mg, 21%) as colorless oils. 

Compounds 28. [a]j — 13.6° (c 4.2, chloroform); vk®« 2250 (C=N) and 1745 
(C=O) cm~'; 'H-n.m.r.: 6 1.99-2.02 (m, 1 H, H-3b), 2.02 (s, 3 H, OAc), 2.10-2.20 
(m, 1 H, H-3a), 2.15 (s, 6 H, OAc), 2.50-2.56 (m, 2 H, H>-2), 3.77 (dt, 1 H, J3a.4 2.6, 
J3a,4 = J4,5 9.9 Hz, H-4), 3.82-3.95 (m, 2 H, H>-8), 4.84 (dt, 1 H, J6.7 = J7.8 9.0, Jog 
1.8 Hz, H-7), 4.92 (dd, 1 H, J4,5 9.9, Js.6 9.0 Hz, H-5), and 5.34 (t, 1 H, Js.6 = Je.7 
9.0 Hz, H-6). 

Anal. Calc. for C);4H;gNO7: C, 53.67; H, 6.07; N, 4.47. Found: C,°53.41; H, 
5.98; N, 4.21. 

Compounds 28. [aj — 39.5° (c 2.2, chloroform); vk8" 2260 (C=N) and 1745 
(C=O) cm~'; 'H-n.m.r.: 6 1.60-1.80 (m, 1 H, H-3a), 1.80-2.00 (m, 1 H, H-3b), 
2.01 (s, 3 H, OAc), 2.05 (s, 3 H, OAc), 2.17 (s, 3 H, OAc), 2.46-2.56 (m, 2 H, H>-2), 
3.29 (dd, 1 H, J>,.g, 10.3, Jga.gph 11.2 Hz, H-8a), 3.69 (ddd, 1 H, J3,.4 3.4, J3p.4 10.0, 
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J4,5 1.1 Hz, H-4), 4.17 (dd, 1 H, J>,9, 5.5, Jga.gp 11.2 Hz, H-8b), 5.06 (dd, 1 H, Js ¢ 
3.4, J6,7 10.3 Hz, H-6), 5.20 (dt, 1 H, J6.7 = Jo.gq 10.3, J, 5.5 Hz, H-7), and 5.34 
(dd, 1 H, J4.5 1.1, Js.6 3.4 Hz, H-S5). 

Anal. Calc. for C);4H;9NO7: C, 53.67; H, 6.07; N, 4.47. Found: C, 53.61; H, 
6.12; N, 4.35. 
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We have recently reported! an approach to the synthesis of C-glycosyl com- 
pounds in which stable pentacarbonylglycosylmanganese complexes (2) were pre- 
pared by condensation of the corresponding glycosyl bromide with sodium penta- 
carbonylmanganate(I) (1), and the resulting pentacarbonylmanganese complexes 
were induced to undergo migratory insertion to give the acylmanganese complex 3. 
Cleavage of the acylmanganese complex with alkoxide or thiolate (Reppe reaction) 
then produced the ester derivatives 4. Alternatively, the manganese complex 2 
underwent high pressure-induced sequential insertion of carbon monoxide and 
methyl acrylate to furnish the manganacycle 5. Subsequent photodemetalation of 5 
resulted in formation of the C-glycosyl compound 6 (see Scheme 1). 

For this approach to have maximum versatility as a method of synthesizing 
C-glycosyl compounds, the condensation reaction which furnishes the penta- 
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NOTE 


TABLE I 
REACTION OF COMPOUND 1 WITH COMPOUND 7 


Conditions Yield (%) Ratio 8 to9 


NaMn(CQO). 0: 100 
NaMn(CQ),, 3 equiv. Bu,N*Br 3:2 
NaMn(CQO),, 3 equiv. KBr 0: 100 


Oxolane, ~ 


carbonylglycosylmanganese complex 2 must be highly stereoselective since the 
stereochemistry at C-1 of complex 2 defines the stereochemistry of the C-glycosyl 
compounds 4 and 6, respectively. That is, the glycosyl complex 2 carrying the B-pD 
configuration at C-1 is transformed into the C-glycosyl compounds 4 and 6 in which 
the new carbon-carbon bond has been produced with retention of the B-D con- 
figuration?. 

We report herein, that the stereoselectivity and the yield of the condensation 
of sodium pentacarbonylmanganate(I) (1) with D-glucopyranosyl and _ bD- 
arabinofuranosyl bromides can be influenced by the addition of bromide salts to 
the condensation reaction mixture. Reaction of sodium pentacarbonylmanga- 
nate(I)® (1) with 2,3,4,6-tetra-O-benzyl-a-D-glucopyranosyl bromides’ (7) in 
oxolane at —78° gave the B-manganese complex 9 stereospecifically in 75% yield 
(Table I)'. In this instance, the condensation appeared to proceed in an SN2 fashion 
with strict inversion of configuration at C-1. 

Introduction of tetrabutylammonium bromide (Bu,NBr) to the reaction 
mixture of 1 and bromide 7 had a pronounced effect upon the stereoselectivity of 
the condensation. When three equivalents of Bu,NBr were suspended in the reac- 
tion mixture at —78°, a 3:2 mixture of glucosyl complexes 8 and 9 was obtained in 
50% yield. Addition of Bu,NBr had (a) caused a significant decrease in the yield of 
product and more importantly, (b) had caused a decline in the stereoselectivity of 
the condensation. a-Complex 8, which had not been detected in the reaction of 1 
and 7 in the absence of excess bromide, became the preponderant product in the 
presence of Bu,NBr (Table I). We also demonstrated that the cation of the salt had 
an influence upon the condensation. Replacement of Bu,NBr with potassium 
bromide dramatically improved the yield of manganese complex from 75 to 90% 
However, the stereoselectivity was not altered by the presence of KBr; only the 
B-complex 9 was obtained. 
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TABLE II 
REACTION OF COMPOUND 1 WITH COMPOUND 10 
Conditions Yield (%) Ratio 11 to 12 


NaMn(COQO). 70 33 
NaMn(CO),, 3 equiv. Bu,N*Br 55 2 
NaMn(CO),, 3 equiv. KBr : 


Oxolane ;—78°-» Room temp 


An analogous trend of results was observed in the furanosyl sugar series as 
outlined in Table II. Treatment of a 1:2 mixture of 2,3,5-tri-O-benzyl-a- and -B-D- 
arabinofuranosyl bromide (10) with sodium pentacarbonylmanganate(I) produced 
the manganese complexes 11 and 12 in a 2:1 ratio. As described above, the conden- 
sation proceeded with inversion of configuration at C-1 in the absence of excess 


bromide salts. Introduction of three equivalents of Bu,NBr into the reaction mix- 
ture had a deleterious effect upon the yield of 11 and 12, as was observed in the 
pyranosyl series. However, the stereoselectivity of the condensation was signifi- 
cantly enhanced, and only a trace of B-complex 12 could be detected in the crude 
reaction mixture. The presence of excess KBr in the reaction mixture of 1 and 10 
again led to an improvement in the overall yield of complexes 11 and 12 (90% vs. 
70% ) in the absence of KBr, but the stereoselectivity of the condensation remained 
unchanged. 

We propose that the results summarized in Tables I and IJ demonstrate that 
the stereoselectivity in the reaction of sodium pentacarbonylmanganate (1) and 
glycosyl bromides was influenced in two fashions by the presence of Bu,NBr or 
KBr. The first involved a cation effect*. Addition of excess tetrabutylammonium or 
potassium salts to 1 led to cation exchange with sodium and formation of tetra- 
butylammonium and potassium manganate, respectively. This proposal of a cation 
effect is supported by the qualitative observation that the relative rates of condensa- 
tion under the three sets of reaction conditions differed as indicated: 1 + KBr > 1 
> 1 + Bu,NBr. The observed trend in the relative rates also was reflected in the 
yields of adducts formed under the respective conditions. The set of reaction condi- 
tions that gave the fastest rate (1 + KBr) also gave the highest yield of product. 
This suggested that the decreased yield of adducts obtained from the other sets of 
conditions may be the result of decomposition of glycosyl bromides 7 and 10, 
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respectively, under the prolonged reaction times required for consumption of the 
unstable glycosyl bromides. 

Alteration of the condensation stereoselectivity can also be rationalized by 
the cation effect. The rate of displacement of bromide from glycosyl bromides 7 
and 10 was fast with either 1 or I-KBr, and the reaction proceeded with inversion 
of configuration at C-1. However, in the presence of Bu,NBr, the rate of condensa- 
tion decreased to the point that the rate of bromide ion-induced anomerization of 
7 and 10 became competitive with the condensation’. Therefore, the anomeric 
ratios of 7 and 10 changed during the course of the SN2 displacement by manganate 
anion and resulted in alteration of the stereoselectivity (see Tables I and II). 

The results reported herein indicate that the nucleophilic displacement of 
glycosyl halides by manganate anion can be influenced by reaction parameters, and 
we have begun a systematic investigation into this topic. 
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